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TERMS

bgs _ below ground surface
BH : - borehole
CIN * container identification number (scannable barcode)
counts/min counts per minute
CWCSA ‘ Central Waste Container Storage Arca
GM Geiger-Mueller (radiation counter) :
EEIS Hanford Environmental Information System database
1y ' identification
IDW investigation-derived waste
MEL minimum detection level
MSW miscellaneous solid waste
N/A not applicable
NPH normal paraffin hydrocarbons (refined kerosene)
ou ' operable unit
OVM Organic vapor monitor
PAM : portable alpha meter
PIN primary drum identification number (written number)
ppnt parts per million
PUREX Plutonium-Uraniuim Extraction (process)
RA ' Radiation Area
RMA Radicactive Matertals Area
RCT ‘radiological control technician
REDOX Reduction-Oxidation (process)
RI/FS remedial investigation/feasibility study
TOC top of casing
TWA time-weighted average

TRADEMARKS

Dréger is a trademark of OFI Testing Equipment, Inc., Houston, Texas. (aka OFITE)

Eberline and RO-3B are trademarks of Eberline Instruments, a subsidiary of Thermo Electron
Corporation, Waltham Massachusetts.

Geiger-Mueller is not a trademark.
GeoProbe is a registered trademark of GeoProbe Systems, Salina, Kansas.
Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.

MIRAN and the SapphlRe Ambient Air Analyzer are registered trademarks of Thermo Electron
Corporation, Franklin, Massachusetts.

Photovac 108 Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.
Tedlar is a registered trademark of E. L. du Pont de Nemours and Company, Wilmington, Deiaware.

Thermo Electron and PG-2 are trademarks of Thermo Electron Corporation, Santa Fe, New Mexico.
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METRIC CONVERSION CHART

Into Metric Units Out of Metric Units

If You Know Multiply By To Get If You Know Multiply By To Get
Length Length '
inches 254 Millimeters millimeters 0.039 inches
inches 2.54 Centimeters centimeters 0.394 inches
feet 0.305 Meters meters ' 3.281 feet |
yards 0.914 Meters meters 1.094 yards
railes 1.609 Kilometers kilometers 0.621 miles
Area Area
sq. inches 6.452 5q. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.093 sq. meters sq. meters 10.76 sq. feet
sq, yards 0.0836 sq. meters 5G. meters 1.196 $q. yards
sq. miles 2.6 sq. kilometers sq. kilometers 0.4 sq. miles
acres 0.405 Hectares hectares 247 acres
Mass (weight) Mass (weight}
cunces 28.35 Grams grams 0.035 ounces
pounds 0.454 Kilograms kilograms 2.205 pounds
ton 0.967 metric ton metric ton 1.102 ton
Yolume Velume
teaspoons 5 Mitliliters milliliters 0.033 fluid ounces
tablespoons 15 Milliliters liters 21 pints
fluid ounces 30 Milliliters liters 1.057 quarts
cups 0.24 Liters liters 0.264 gallons
pints 047 Liters cubic meters 35315 cubic feet
quarts 0.95 Liters cubic meters 1.308 cubic yards
gallons 3.8 Liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters
Temperature Temperature
Fahrenheit subtract 32, Celsius Celsius multiply by Fahrenheit

then 9/5, then add

multiply by 32 '

5/9
Radioactivity Radioactivity
picocuries 37 Millibecquerel millibecquerel 0.027 picocuries

vi
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1.0 INTRODUCTION

This report summarizes the characterization activities performed at the 216-A-8 Crib as part of
the remedial investigation for the 200-PW-3 Organic-Rich Process Condensate/Process Waste
Group Operable Unit (OU). The 216-A-8 Crib is a representative waste site for the 200-PW-3
OU. Characterization was conducted in accordance with the sampling and analysis plan in
DOE/RL-2001-01,Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable
Unit RI/FS Work Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,
Appendix B.

Characterization activities included drilling borehole C4545 at the 216-A-8 Crib in June 2005
using cable-tool drilling equipment to collect soil samples for chemical, radiological, and
physical properties analyses, define the stratigraphy beneath the waste site, and determine the
nature and vertical extent of contamination. Activities conducted at the 216-A-8 Crib to provide
information to select the location for borehole C4545 included soil-vapor sampling in the
shallow vadose zone using a direct-push technology for subsurface access, soil-vapor sampling
in the deep vadose zone using existing wells for subsurface access, and geophysical logging of
existing wells.

Characterization results presented in this report will be used as supporting information for the
remedial investigation report prepared as part of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 remedial investigation/feasibility study (RI/FS) process.
Drilling and sampling activities described in this report provide information that can be used to
refine the preliminary conceptual contaminant-distribution model, support an assessment of risk,
and support evaluation of a range of remedial alternatives for this waste site.

Borehole C4545 was decommissioned in July 2005 after the drilling, sampling, and geophysical
logging activities were completed.

The location of the 216-A-8 Crib is shown in Figure 1-1.
Key documents supporting these remedial investigation field activities include the following:

« DOE/RL-2001-01, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan: Includes the 200-PW-1, 200-PW-3,and 200-PW-6
Operable Units

o CP-15371, Remedial Investigation Data Quality Objectives Summary Report for the
Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit
Representative Waste Sites

«  WMP-20501, Waste Control Plan for the Plutonium/Organic-Rich Process Condensate

Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units.
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Figure 1-1. Location of the 216-A-8 Crib in the 200 East Area.
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1.1 PURPOSE AND SCOPE

This report compiles information and data associated with fiscal year 2004 and fiscal year 2005
field activities that included drilling and sampling of one characterization borehole (C4545),
soil-vapor sampling at five locations using the GeoProbe, a direct-push technology, for
subsurface access (Appendix A, conducted July 2004); soil vapor sampling of five existing wells
(Appendix B, conducted April 2005); and geophysical logging of six existing wells (Appendix
C, conducted April through July 2004). This report includes descriptions of borehole drilling
and decommissioning, soil-vapor sampling methods and results, geophysical logging reports, and
a summary of field activities associated with borehole C4545. Additional information described
in this report includes civil survey results, a summary of soil-sample-collection activities, field-
screening results for soil samples and drill cuttings brought to the surface during drilling, and
subsurface geologic descriptions. All drilling data in this report are provided using field
measurement units. Metric and English equivalencies are available in the conversion chart at the
beginning of this document.

Appendix D presents the well summary sheet for Borehole C4545. Appendix E contains the
borehole log for Borehole C4545. Appendix F contains the geophysical log for Borehole C4545.

1.2 BACKGROUND

The 200-PW-3 OU waste sites, which are located in the 200 East and 200 West Areas, received
organic-rich wastes containing hexone, normal paraffin hydrocarbons (NPH), and tributyl
phosphate from separations facilities such as S Plant (reduction-oxidation or REDOX process),
A Plant (plutonium-uranium extraction or PUREX process), U Plant (uranium recovery process),
and the 201-C Building (hot semiworks process). These organic compounds were used in
solvent-extraction processes, and the potential may exist for increased mobilization of
radionuclides in the soil column beneath liquid-discharge sites. Most organic solvents are
expected to have vaporized or biodegraded after entering the environment, but some primary
contaminants or degradation products may persist. A minimum organic inventory of 2,900 kg
qualified a site for inclusion in this OU (DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan — Environmental Restoration Program).

1.2.1 216-A-8 Crib

The 216-A-8 Crib is located approximately 200 m (650 ft) east of the A/AX/AY/AZ Tank Farms
complex in the 200 East Area. The bottom dimensions of the crib are 259 x 6 m (850 x 20 ft).

A 60 cm (24-in.) diameter, schedule 20, perforated distribution line extends the length of the crib
and rests on a 2 m (6.5-ft) thick layer of rock capped by a 30 cm (12-in.) thick layer of gravel.
The gravel fill is mounded over the distnibution line. Two layers of fabric paper cover the gravel
and prevent filling of void space by the overlying native sand backfill. The depth of the
excavation varied from 4.9 to 5.8 m (16 to 19 ft) below ground surface as established in 1955.
The 216-A-8 Crib was surface stabilized in September 1990 by the addition of 0.6 m (2 ft) of
clean fill (DOE/RL-92-04, PUREX Plant Source Aggregate Area Management Study Report).

1-3
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The distribution line contains two 41 cm (16-in.) diameter gooseneck structures, one at each end
of the crib, to improve water flow into the crib gravel. These structures provided overflow
capacity into the head-end of the crib as well as to a surface pond at the far end of the crib. Four
regularly spaced, perforated test risers with filter housings were set into the crib rock layer, offset
1.5 m (5 ft) from the distribution line. Wastewater entered the crib though the 216-A-508
Control Structure (diversion box) located west of the crib. The crib was permanently isolated in
April 1995 by filling the 216-A-508 Control Structure with concrete.

The 216-A-8 Crib received vapor condensate from operation of several ventilation systems
associated with the A, AX, AY, and AZ Tank Farms. Approximately 87 percent of the liquid
waste by volume came from the contact condenser system, which discharged to the 216-A-8 Crib
from November 1955 through April 1958. The A Tank Farm first received self-boiling PUREX
waste in early 1956. Most of the remaining waste volume came from a surface condenser system
installed in 1960 that discharged to the 216-A-8 Crib between 1966 and 1976. Addition of the
AY and AZ Tank Farms to the then-active A and AX Tank Farms also took place during this
period. The site received additional waste discharge for a brief period in 1978 and again
between 1983 and 1985.

The 216-A-8 Crib received approximately 1.18 billion liters of wastewater between 1955 and
1985. Based on 30 years of operations and proportional flow process sampling, the crib is
reported to have received 368 kg of uranium, 50 g of plutonium, and 10,900 Ci of beta emitters
(RPP-7494, Historical Vadose Zone Contamination from A, AX, and C Tank Farm Operations).
An estimate of the radionuclide inventory carried out in 1993 (decayed through December 31,
1989) indicated 51.5 Ci of Sr-90, 522 Ci of Cs-137, 0.0000469 Ci of Ru-106, 0.123 Ci (368 kg)
of total uranium, and 50 g of total plutonium (DOE/RL-92-04). An estimate of the hazardous
chemical inventory for the 216-A-8 Crib includes approximately 320,000 kg of ammonium
carbonate, 24,000 kg of dibutyl phosphate, and 8,400 kg of NPH (DOE/RL-2001-01).

1.2.2 Borehole Site Location Process

The sampling and analysis plan for the 216-A-8 Crib included sampling to be conducted before
the characterization borehole was drilled to determine the best location for the borehole
(DOE/RL-2001-01, Appendix B). Four types of sampling were proposed:

» Geophysical logging of up to five existing boreholes along the length of the crib for
gamma-emitting radionuclides. The five boreholes are anticipated to be 299-E25-4,
299-E25-5, 299-E25-7, 299-E25-8, and 299-E25-9. The list of proposed boreholes may
need to be modified, depending on well construction and access

« In situ soil-vapor sampling from the same five existing boreholes. The samples would be
collected from the screened zone, which would be isolated by use of a downhole packer.
The samples would be analyzed for volatile/semivolatile organic compounds using a
field-screening organic-vapor-detection device

« In situ soil-vapor sampling from vent risers installed along the length of the crib. The
samples would be analyzed for volatile/semivolatile organic compounds using a field-
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screening organic-vapor-detection device. The feasibility of this task will be evaluated
based on the condition and accessibility of the vent risers

« In situ soil-vapor sampling at up to five locations along the length of the crib. A direct-
push technology would be used for subsurface access. It is anticipated that the direct-
push technology would not be able to extend beyond approximately 2.4 m (8 ft) below
ground surface (bgs), which corresponds to the top of the rock layer used to construct the
crib. However, it is anticipated that organics present at the base of the crib could be
detected within the crib. The samples would be analyzed for volatile/semivolatile
organic compounds using a field-screening organic-vapor-detection device.

According to the sampling and analysis plan, the borehole was to be drilled at the location with
the highest organic concentrations. If no organics were detected or if the results were
inconclusive, the borehole was to be drilled at the location with the highest radionuclide
concentrations.

Three of the proposed types of sampling were conducted to guide selection of the location for
Borehole C4545. In situ soil-vapor sampling was conducted at five locations along the length of
the crib using a GeoProbe for subsurface access, as described in Section 1.2.2.1. In situ soil-
vapor samples were collected from five existing wells in the 216-A-8 Crib, as described in
Section 1.2.2.2. Geophysical logging was conducted in six existing wells, as described in
Section 1.2.2.3. The results obtained from these activities were used to select the optimal
location for drilling Borehole C4545, as described in Section 1.2.2.4.

In situ soil-vapor sampling from vent risers was not conducted because of radiological control
concerns. The test risers were determined to be inaccessible because of the presence of
radiological contamination within the risers, leading to an unacceptable potential for spreading
contamination to vapor-sampling equipment and sampling personnel. In accordance with the
sampling and analysis plan (DOE/RL-2001-01, Appendix B), this activity was determined not to
be feasible, based on the condition and accessibility of the test risers.

Figure 1-2 shows the 216-A-8 Crib and the locations of the direct-push (GeoProbe) boreholes,
existing wells, and characterization Borehole C4545.

1.2.2.1 Soil Vapor Sampling in Direct-Push Boreholes

Soil vapor sampling was conducted in five direct-push boreholes that were installed along the
length of the 216-A-8 Crib using the GeoProbe in July 2004. Figure 1-2 shows the location of
the five boreholes (C4540, C4541, C4542, C4543, and C4544). Following is a brief summary of
this investigation. Appendix A presents the details of this investigation.

Borehole C4540 was advanced to approximately 3.7 m (12 ft) bgs. Boreholes C4541, C4542,
(C4543, and C4544 each were advanced to approximately 4.6 m (15 ft) bgs. Before the sampling,
the casing in each borehole was drawn back to provide a 0.3 m (1-ft) sampling interval of
exposed formation at the bottom of the borehole. Decommissioning took place after the
sampling was completed.
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Figure 1-2. Location of Existing Boreholes, Direct-Push Boreholes, and Characterization
Borehole C4545 at the 216-A-8 Crib.
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An organic vapor monitor (OVM) was used to provide real-time field-screening results for soil-
vapor samples collected from the five GeoProbe push holes. Borehole C4543 had the highest
OVM reading (2 ppm). Soil-vapor samples were collected in Tedlar bags for field screening for
specific volatile organic compounds using the Photovac 10S Plus Gas Chromatograph and the
Innova Multigas Analyzer. Analytical results did not exceed the detection limit for any
constituent. Four specific types of Driger tubes (colorimetric indicator tubes) were selected to
cover the range of organic contaminants that might be present, in addition to the volatile organic
compounds that could be analyzed using the gas chromatograph and Innova analyzer. These
four types of Driger tubes were used to test for ammonia, a range of easily oxidized compounds,
and hydrocarbons. The only soil-vapor samples that showed Driger tube test reactions were
from Boreholes C4544 and C4540, and the reactions were weak trace reactions for hydrocarbons
in both cases.

An industrial hygiene technician detected trace amounts of contaminants immediately after back
pulling the borehole casing and removing the back-pull tool from the top of the casing at
Boreholes C4542 and C4543. These initial concentration levels quickly decayed.

A radiological control technician RCT) detected radiological contamination on the metal mesh
sampling probes removed from Boreholes C4542 and C4541, indicating the presence of
radiological contamination at the bottom of each of the boreholes. Contamination on the mesh
probe from Borehole C4542 initially measured at 6,000 counts/min By, with 3,500 counts/min Py
shown to be removable. Contamination from Borehole C4541 was 40,000 counts/min By

Appendix A provides a complete listing of analytical results.
1.2.2.2 Soil-Vapor Sampling in Existing Wells

Additional soil-vapor sampling took place at five existing wells at the 216-A-8 Crib (299-E25-4,
299-E25-5, 299-E25-7, 299-E25-8, and 299-E25-9) during April 2005. Figure 1-2 shows the
locations of these five wells. In each well, a soil-vapor sample was pumped from the screened
interval, which was isolated by using a downhole packer. The packer was set at depths ranging
from 69.5 to 72.8 m (228 to 239 ft). A field-screening instrument (MIRAN SapphIRe Ambient
Air Analyzer) was used to analyze the soil-vapor samples for volatile- and semivolatile organic
compounds. Following is a brief summary of this investigation. Appendix B provides details of
this investigation.

The MIRAN SapphIRe Ambient Air Analyzer has two operational modes. In spectrum-scan
mode, the MIRAN SapphIRe Ambient Air Analyzer can be used to identify, in one run, up to
five compounds in its library that best match the frequency spectrum of the sample. In
single-compound mode, the MIRAN SapphIRe Ambient Air Analyzer can be used to scan for
each of the compounds in its library, but for only one compound at a time in each run and
without compensation for any potential cross-interference from other compounds. Appendix B
lists the compounds in the MIRAN SapphIRe Ambient Air Analyzer library.

Initial operation of the MIRAN SapphIRe Ambient Air Analyzer in spectrum-scan mode allowed

scanning of each soil-vapor sample for the possible presence of up to five of the organic
compounds in the instrument library. No organic compounds were detected in any of the
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soil-vapor samples from the five wells. As a result, the instrument was not reconfigured to
analyze the samples in single-compound mode.

Before and during all sampling activities, an industrial hygiene technician conducted health and
safety monitoring using a photoionization detector. Upon removal of the wellhead cover at each
well, the industrial hygiene technician monitored the wellhead using the photoionization
detector. Wells 299-E25-4, 299-E25-5, 299-E22-7, and 299-E25-9 showed no detectable vapor
concentrations. The industrial hygiene technician initially detected transient values of 1 ppm in
Well 299-E25-8, but these readings decayed to zero after less than 3 seconds.

Following vapor-sampling activities at each well, an RCT conducted radiological field screening
of all down-hole equipment (e.g., packer, tubing, cables) removed from each well. The RCT
found all down-hole equipment to be at background levels for the area for Wells 299-E25-4,
299-E25-5, 299-E25-7, and 299-E25-8. However, during the extraction of the packer from Well
299-E25-9, the RCT found elevated radiological activity above background levels. The elevated
levels decayed to background levels after a couple of minutes, and the RCT determined that the
elevated readings were from radon.

1.2.2.3 Geophysical Logging in Existing Wells

Geophysical logging was conducted in five existing wells from which soil-vapor samples were
collected (299-E25-4, 299-E25-5, 299-E25-7, 299-E25-8, and 299-E25-9), and in one other
existing well (299-E25-6), between April 2004 and July 2004. Figure 1-2 shows the locations of
these wells. Following is a brief summary of each geophysical log. Appendix C provides the
complete geophysical logging report for each well investigated.

Borehole geophysical logging records the depth-distribution of gamma-emitting radionuclides in
the soil to locate and quantify intervals of contamination. The geophysical logging system
provided a continuous radiometric signature of the soils. Cesium-137 was the only man-made
radionuclide detected in each of the six existing boreholes investigated. The highest
concentration of Cs-137 was detected in Well 299-E25-5. Table 1-1 lists the maximum Cs-137
concentration detected in each well.

Two intervals in Well 299-E25-4 showed detectable Cs-137. The interval from near the ground
surface to 9.1 m (30 ft) below top of casing (TOC) showed concentrations ranging from the
minimum detection level (MDL) (0.3 pCi/g) to a maximum of 13.1 pCi/g at 7.9 m (26 ft) below
TOC. The interval between 69.2 and 75.3 m (227 and 247 ft) below TOC showed concentrations
ranging from near the MDL tol.4 pCi/g.

Three intervals in Well 299-E25-5 showed detectable Cs-137. The interval from near the ground
surface to 1.8 (6 ft) below TOC showed concentrations ranging from the MDL to 12.8 pCi/g.
The interval between 6.1 and 16.2 m (20 and 53 ft) below TOC showed concentrations ranging
from 0.4 pCi/g to a maximum of 30,800 pCi/g measured at 7.6 m (25 ft) below TOC. The
interval between 70.7 and 78.9 m (232 and 259 ft) below TOC showed concentrations ranging
from near the MDL to a maximum of 0.8 pCi/g measured at 70.7 m (232 ft) below TOC.

1-8
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Table 1-1. Maximum Cesium-137 Concentrations from Geophysical
Logging of Existing Wells at the 216-A-8 Crib.

299-E25-4 13.1 26
299-E25-5 30,800 25
299-E25-6 50 25-30
299-E25-7 57 9
299-E25-8 4.5 5
299-E25-9 13 5

Three intervals in Well 299-E25-6 showed detectable Cs-137. The interval between 2.7 and
3.6 m (9 and 11 ft) below TOC showed a maximum concentration of 9.8 pCi/g. The interval
between 6.7 and 22.3 m (22 and 73 ft) below TOC showed concentrations ranging from the
MDL to a maximum of 50 pCi/g measured between 7.6 and 9.1 m (25 and 30 ft) below TOC.
The interval between 69.2 and 71.3 m (227 and 234 ft) below TOC showed a maximum
concentration of 3.2 pCi/g.

Three intervals in Well 299-E25-7 showed detectable Cs-137. The interval from near the ground
surface to 2.7 m (9 ft) below TOC showed a range of concentrations from the MDL to 5.7 pCi/g.
The interval from 6.1 to 18.0 m (20 to 59 ft) below TOC showed concentrations ranging from
0.3 pCi/g to a maximum of 3.6 pCi/g measured at 7.6 m (25 ft) below TOC. The interval
between 68.6 and 71.9 m (225 and 236 ft) bgs showed concentrations ranging from near the
MDL to a maximum of 3.2 pCi/g measured at 69.5 m (228 ft) below TOC.

One interval in Well 299-E25-8 showed detectable Cs-137. The interval between 71.3 and

73.1 m (234 and 240 ft) below TOC showed a range of concentrations from near the MDL to a
maximum of 2.5 pCi/g measured at 72.2 m (237 ft) below TOC. Concentrations of Cs-137 were
present at 1.5 m (5 ft) below TOC, at approximately 6.7 m (22 ft) below TOC, and at a few other
sporadic locations throughout the well. The overall range of concentrations for this well was
from the MDL to a maximum of 4.5 pCi/g at 1.5 m (5 ft) below TOC.

Two intervals in Well 299-E25-9 showed detectable Cs-137, including the interval between 68.9
and 72.8 m (226 and 239 ft) below TOC and the interval between 75.0 and 76.2 m (246 and

250 ft) below TOC. Cesium-137 occurs near the ground surface and at a few sporadic locations
throughout the borehole. The overall range of concentrations for this well was from the MDL to
a maximum of 13 pCi/g at 1.5 m (5 ft) below TOC. The Cs-137 detected between 68.9 and

70.7 m (226 and 232 ft) below TOC is located at a depth interval consistent with the depth of a
packer set at 69.5 m (228 ft) bgs. Cs-137 detected at 72.8 m (239 ft) below TOC is
approximately 6.1 m (20 ft) above the groundwater level.
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1.2.2.4 Location of Borehole C4545

The sampling and analysis plan (DOE/RL-2001-01, Appendix B) provided guidance for -
selection of the final location of Borehole C4545. This guidance states the following.

» The borehole will be drilled at the location of the highest organic concentrations.

» Ifno organics are detected or if the results are inconclusive, the borehole will be drilled at
the location with the highest radionuclide concentrations.

The results of the soil-vapor sampling investigations in the shallow and deep vadose zone, as
summarized in Sections 1.2.2.1 and 1.2.2.2, respectively, did not indicate conclusively the
presence of organics at any of the locations sampled. However, the geophysical logging
investigation, as summarized in Section 1.2.2.3, clearly identified the location with the highest
radiological concentrations. Existing Well 299-E25-5 exhibited the highest radiological
concentrations, with a maximum Cs-137 value of 30,800 pCi/g found at 7.6 m (25 ft) below
TOC. The second highest levels occur in existing Well 299-E25-6, with a Cs-137 concentration
of 50 pCi/g in the interval from 7.6 to 9.1 m (25 to 30 ft) below TOC. The area that
demonstrated the highest radiological concentrations is located near the west end of the 216-A-8
Crib, as anticipated in DOE/RL-2001-01, Appendix B.

Therefore, based on the guidance set forth in DOE/RL-2001-01, Appendix B, and on the results
of these three investigations at the 216-A-8 Crib, Borehole C4545 was located near

Well 299-E25-5. The borehole was located on the south side of Well 299-E25-5, so that it would
be closer to the center of the 216-A-8 Crib and closer to Well 299-E25-6, where contamination
appeared to be slightly deeper, for groundwater protection. This location, shown on Figure 1-3,
lies 7.0 m (23 ft) from Well 299-E25-5 and 0.9 m (3 ft) from the center of the 216-A-8 Crib
discharge pipe. w
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Figure 1-3. Planned Location for Borehole C4545 at the 216-A-8 Crib.
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2.0 FIELD ACTIVITIES

The primary purpose of field activities was to characterize the nature and extent of contamination
underlying the 216-A-8 Crib in the 200-PW-3 OU in the 200 East Area. The information gained
from the drilling, sampling, and geophysical logging of Borehole C4545 will support the
remedial investigation report for this OU and will support verification of, and potential
modifications to, the existing conceptual model.

Field activities included pushing five GeoProbe boreholes to depths of 3.7 to 4.6 m (12 to 15 ft)
bgs, collecting and analyzing soil-vapor samples from these boreholes, collecting and analyzing
soil-vapor samples from five existing wells, and geophysically logging six existing wells. This
information was used to locate Borehole C4545. Section 1.2.2 provides a more detailed
description of these activities.

Following location of the drilling site, Borehole C4545 was drilled to groundwater. Additional
activities included the collection of soil-characterization samples from sediments encountered
while drilling and the geophysical logging of the borehole. The borehole was backfilled and
decommissioned after completion of drilling, sampling, and geophysical logging. Figure 1-2
shows the 216-A-8 Crib and locations of the GeoProbe boreholes, existing wells, and

Borehole C4545.

2.1 BOREHOLE CONSTRUCTION AND
DECOMMISSIONING

2.1.1  Drilling Methods

Planning, drilling, and decommissioning of Borehole C4545 adhered to the guidelines and
requirements presented in GRP-EE-02-14.1 (Drilling, Remediating, and Decommissioning
Resource Protection Wells and Geotechnical Soil Borings). The borehole conformed to
standards defined in WAC-173-160 (Minimum Standards for Construction and Maintenance of
Wells). Drilling of Borehole C4545 at the 216-A-8 Crib representative waste site began on
June 6, 2005, and finished on June 30, 2005. Drilling reached a total depth of 80.6 m

(264.5 ft) bgs.

The drilling used a cable-tool drilling rig, and drill cuttings were recovered from a drive-barrel.
Two telescoped, threaded carbon-steel temporary casings kept the borehole open and minimized
the potential for down-hole cross-contamination. The first temporary casing string, with an
outside diameter of 27.5 cm (10.8125 in.) was installed in the interval from 0 to 20.94 m

(68.71 ft) bgs. The second temporary casing string, with an OD of 22.1 cm (8.6875 in.) was
installed in the interval from 0 to 80.59 m (264.43 ft) bgs. Sediments recovered during the
drilling process were surveyed on a routine basis for radioactivity and organic vapors throughout
the high- and medium-risk portions of the borehole (i.e., between the surface and 21.3 m [70 ft]
bgs). Surveying during the low-risk portion of the drilling (i.e., below 21.3 m [70 ft] bgs) was on
a twice-daily basis (i.e., AM/PM checks) for the remainder of the drilling. Drilling personnel did
not add water to the borehole during drilling.

2-1
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After total depth was reached, borehole geophysical logging for gamma-emitting radionuclides
was complete.

Table 2-1 shows borehole summary information. Appendix D contains the well summary sheet
for Borehole C4545, Appendix E contains the borehole log for Borehole C4545, and Appendix F
contains the geophysical log for Borehole C4545.

Table 2-1. 216-A-8 Borehole Construction and Survey Summary.

Well identification number C4545
Area 200 East Area
Northing * (m) 136,176.35
Easting * (m) 575,682.46
Ground surface elevation® (m) 201.78
Drill start date June 6, 2005
Drill end date June 30, 2005
Total depth (m/ft bgs) 80.6/264.5
Depth to water (m/ft bgs) 79.75 / 261.67 (June 30, 2005)
1.5; 19-21.5; 22.5-25; 25-27.5; 27.5-30; 49-
Sample intervals (ft bgs) 51.5; 104-106.5; 178-180.5; 234-236.5; 262-
264.5
Decommissioning data (depth in ft bgs):
. SS:::, 2::1:;;“1 (10-20 mesh Colorado o 264.0-2569
e Granular bentonite (#8) s 2569-1.0
¢ Portland cement surface cap e 1.0-0.0
Decommissioning start — finish dates 07/06/05 - 07/21/05
Comments Brass tag in surface cap

* Northing and easting coordinates are based on Washington State Plane Coordinates NAD83, North
American Datum of 1983, as revised 1991, rounded to 1 m.

® NAVDS88, North American Vertical Datum of 1988 value, rounded to 0.001 m.

bgs = below ground surface.

2.1.2 Well Decommissioning

Decommissioning of Borehole C4545 occurred in July 2005. Decommissioning included
removing all temporary casing and backfilling the borehole. Borehole fill below the water table
consists of 10-20 mesh Colorado silica sand emplaced during casing extraction to maintain
natural groundwater flow. Bentonite (#8 bentonite crumbles) filled the remaining void while the
casing was removed, forming a seal from the top of the sand pack to just below the ground
surface. Periodic measurement of sand and/or bentonite levels within the casing ensured
continuous overlap, preventing formation sediments from collapsing into the borehole.

A surface seal of Portland cement, together with a brass survey tag embedded in the cement,
completed borehole decommissioning. Embossment on the brass tag included the well
identification number and decommissioning date, in accordance with WAC 173-160, “Minimum
Standards for Construction and Maintenance of Wells.”

2-2
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Table 2-1 contains borehole survey and grout seal interval information.

2.2  BOREHOLE SOIL SAMPLING

Collection of soil samples at specific depths was in accordance with the sample design in the
sampling and analysis plan (DOE/RL-2001-01, Appendix B). The depths of the proposed
samples below ground surface were modified to account for the 0.3 m (1-ft) thick crushed rock
fill added to form the drill pad. Lithologic variations and changes in chemical or radiological
contamination also resulted in the modification of some of the sampling intervals during drilling.
Table 2-1 lists the sample intervals for Borehole C4545. In situ soil samples were collected for
chemical and radiological analysis using a split-spoon drive-barrel sampler with four stainless
steel liners, each 15.2 cm (6 in.) long. The split-spoon samplers were opened on an enclosed
sample table equipped with a high-efficiency particulate air (filter) vacuum system. Core barrels
and samples were sleeved with plastic sleeving during drilling in the high-risk zone. The
samples were submitted to analytical laboratories for chemical and radiological analysis and
determination of physical properties. Collection and transportation of soil samples was in
accordance with internal Fluor Hanford procedures GRP-EE-01-4.0, Soil and Sediment
Sampling, and GRP-EE-01-3.1, Sample Packaging and Shipping.

The primary focus of sampling beneath the 216-A-8 Crib was to characterize the vadose zone for
the nature and distribution of organic and radiological contaminants. Based on the sampling
design in the sampling and analysis plan, seven samples were to be collected, including one from
each major geologic unit, during drilling of the borehole (DOE/RL-2001-01, Appendix B). The
rationale for each sample depth (as presented in the plan) is as follows:

e 55106.2m(18to 20.5 ft) bgs -- Characterize the vadose zone immediately below the
base of the crib; organic layer observed immediately below the 216-A-24 Crib

o 6.6t0 7.3 m(21.5 to 24 ft) bgs -- Characterize the zone of highest cesium contamination
detected during spectral gamma geophysical logging

o 15210 16.0m (50 to 52.5 ft) bgs -- Characterize the zone just below the cesium
contamination detected during spectral gamma geophysical logging

o 31.21t032.0m (102.5 to 105 ft) bgs -- Characterize the zone at the maximum depth of
contamination indicated by gross gamma geophysical logging

» 54.11054.9m(177.5 to 180 ft) bgs -- Characterize the contaminant distribution at the
contact between the Hanford formation sand-dominated and lower gravel-dominated
sequences

» 71.0to 71.8 m (233 to 235.5 ft) bgs -- Characterize the deep zone of cesium
contamination detected during spectral gamma geophysical logging

»  79.710 80.5m (261.5 to 264 ft) bgs -- Characterize the capillary fringe to evaluate impact
to groundwater.
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An additional sample was required from the near-surface (0.2 m [0.5 ft] bgs) to support
management and designation of the waste. Two unplanned samples were collected from the
interval 7.6 to 8.4 m (25 to 27.5 ft) bgs and the interval 8.4 to 9.1 m (27.5 to 30 ft) bgs.

A sample was collected in the interval 7.6 to 8.4 m (25 to 27.5 ft) bgs after a decrease in
radiological readings was noted. However, the exhauster on the sample table enclosure failed
while the subsamples were being collected from the split-spoon sampler from this interval, and
the subsequent interval (8.4 to 9.1 m [27.5 to 30 ft] bgs) was sampled to provide a complete
sample suite at this depth. Sample intervals are shown on Figure 2-1.

Samples collected to meet the 200-PW-3 OU representative waste site sampling objectives are
summarized in Table 2-2. The remedial investigation report will contain the chemical and
radiological analytical results from this drilling. (Note: The soil sample intervals are 0.8 m

[2.5 ft] long, which includes the 0.6 m [2-ft] long split-spoon sampler and the 0.2 m [0.5-ft] long
shoe at the base of the sampler. The soil sample intervals on the geologist’s borehole log
(Appendix E) are 0.6 m (2 ft) long, based on the length of the split-spoon sampler without the
shoe.)

Table 2-2. Sample Collection Information Summary. (2 Pages)

Soil Samples

BID7C5 | June 2, 2005 15 1.5 i:::}i(gﬁ’;)) BREpe \pEaCdes,
B1D9C0O June 8, 2005 19 21.5 Soil sample (radionuclides)

B1D9Y4 June 8, 2005 19 21.5 Soil sample

B1D9C1 June 8, 2005 22.5 25 Soil sample (radionuclides)

B1D9Y5 June 8, 2005 225 25 Soil sample

B1D9Y3 June 9, 2005 25 27.5 Activity scan

B1DB28 June 9, 2005 25 27.5 Activity scan

BIDB25 | June 9, 2005 25 27.5 i:;;’:g;ﬁ;’l]xs sl sample (volatile
B1DB24 June 9, 2005 25 275 5;51;;:;3: soil sample (volatile organic
BID7C6 June 13, 2005 27.5 30 Activity scan

B1D7C8 June 13, 2005 215 30 Primary split soil sample

B1D7C7 June 13, 2005 27.5 30 Split soil sample

B1D7D1 June 14, 2005 49 51.5 Activity scan

B1D7C9 June 14, 2005 49 51.5 Primary replicate soil sample
B1D7D0 June 14, 2005 49 51.5 Replicate soil sample

B1D987 June 23, 2005 104 106.5 Activity scan

B1D992 June 23, 2005 104 106.5 Soil sample

B1D988 June 27, 2005 178 180.5 Activity scan
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Table 2-2. Sample Collection Information Summary. (2 Pages)

B1D993 June 27, 2005 178 180.5 Soil sample
B1D989 June 29, 2005 234 236.5 Activity scan
B1D994 June 29, 2005 234 236.5 Soil sample
B1D990 June 30, 2005 262 264.5 Activity scan
B1D995 June 30, 2005 262 264.5 Soil sample
Equipment Blanks
B1D7F1 June 7, 2005 N/A N/A
B1D7F2 June 7, 2005 N/A N/A
Trip Blanks
B1D7D3 June 7, 2005 N/A N/A Volatile organic analysis
B1D7D4 June 13, 2005 N/A N/A Volatile organic analysis
B1D7D5 June 14, 2005 N/A N/A Volatile organic analysis
B1D7D7 June 23, 2005 N/A N/A Volatile organic analysis
B1D7D8 June 27, 2005 N/A N/A Volatile organic analysis
B1D7D9 June 29, 2005 N/A N/A Volatile organic analysis
B1D7F0 June 30, 2005 N/A N/A Volatile organic analysis
" Sample depths were adjusted by 0.3 m (1 ft) from originally planned depths to account for added drill pad
bg;n Eue="dtl>'&:]ow ground surface.
N/A = not applicable.
HEIS = Hanford Environmental Information System database.

23 FIELD SCREENING

Field radiation screening consisted of two types of activities; surface radiation surveys performed
before drilling activities as well as following drilling activities, and field screening of cuttings
and soil samples brought to the surface during the dnlling process.

The surface radiation survey performed at the waste site before drilling activities documents any
existing surface contamination and supports preparation of health and safety documentation.
Qualified RCTs carried out surface radiation surveys in accordance with applicable health and
safety procedures and prepared a survey report for the site. A post-drilling survey at the drill site
ensured that sampling activities did not contribute to surface contamination. HNF-IP-1277,
Deactivation & Decommissioning Radiation Protection Procedures, Section 5.6.15, “Operation
of Mobile Surface Contamination Monitor II,” or other applicable approved procedures
controlled these surveys.

All samples and cuttings from the borehole were field screened by the RCTs for evidence of

radioactive contamination. Field screening helped to identify the bottom of the waste site, aided
in adjusting sample intervals as necessary, and assisted in determining sample shipment
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requirements, in addition to supporting worker health and safety monitoring. RCTs screened soil
samples for alpha, beta, and gamma radioactivity before the samples were placed into containers
and shipped from the drill site. The RCTs recorded all field measurements, noting the depth of
the sample and the instrument reading.

Classification of the drilling as high to medium risk or low risk reflects sampling and
geophysical logging information from nearby wells. This classification resulted in continuous
radiological field screening of the drill cuttings and immediate work area by the RCTs during
drilling activities in high- to medium-risk intervals (i.e., between the surface and 21.3 m [70 ft]
bgs). RCT coverage in low-risk intervals (i.e., deeper than 21.3 m [70 ft] bgs) was on an
AM/PM basis. A Radiological Work Permit was prepared to cover working with radioactive
contaminated soils.

Radiological monitoring of drilling spoils from the interval 4.0 to 4.6 m (13 to 15 ft) bgs on
June 7, 2005, showed elevated beta-gamma readings, indicating the presence of radioactive
material in the soils. These elevated readings resulted in conversion of the work zone to a
radiological contamination area. The radiological contamination area was subsequently
downposted at a depth of 21.3 m (70 ft) bgs on June 21, 2005. Table 2-3 summarizes all direct
radiation measurements recorded from Borehole C4545. Figure 2-1 presents direct
contamination measurements correlated to the borehole geology at Borehole C4545. Figure 2-1
also includes direct-dose-rate measurements recorded for Borehole C4545, as well as
information from geophysical logging of the borehole.

24  AIR MONITORING

The industrial hygiene technician provided air monitoring on a full-time basis while the borehole
was drilled through the high- to medium-risk interval (i.e., between surface and 21.3 m [70 ft]
bgs) and then on a twice-daily basis during drilling in low-risk intervals (i.e., deeper than 21.3 m
[70 ft] bgs). Drill cuttings and soil samples were screened for volatile organics using hand-held
organic vapor analyzers. Table 2-4 summarizes these monitoring results.

The industrial hygiene technician reported a reading of ~6 ppm organic vapors, measured with an
OVM, from cuttings found between 14.2 and 14.6 m (46.5 and 48 ft) bgs, just beneath the
semiconfining silty-sand layer encountered between 14.0 and 14.6 m (46 and 46.5 ft) bgs. This
was a transient, nonreproducible reading. The industrial hygiene technician also reported
sustained elevated OVM readings, with a maximum reading of ~2 ppm/M, from cuttings found
between 16.5 and 16.8 m (54 and 55 ft) bgs.



L€

trol Measurements fro

m

Table 2-3. Radiation Con

S

St

at

Borehole C4545 Sediments. (2 Pages)
_@g e e e s R O

: : et e sl
06/06/05 | 0-10 - 23K - - - - - soil/drill cuttings
06/07/05 10 13K 22K - - - 13K 22K - soil/drill cuttings
14 3ISK 69K - - - 1.3K 22K - soil/drill cuttings
19 - - - <0.5 <0.5 - - - soil/drill cuttings
21 - - - 180 180 - - - soil/drill cuttings
22 - - - 50 50 . - - split-spoon sample
06/08/05 | 22 - - - 140 140 - - - soil/drill cuttings
23 - - - 50 50 - - - soil/drill cuttings
23 - - - 120 120 - - - soil/drill cuttings
23-25 - - - 50 50 - - - split-spoon sample
06/09/05 25-27 - - - 8 8 - - - split-spoon sample
25-27 - - - 12 12 - - - soil/drill cuttings
26 - - - 3 3 - - - soil/drill cuttings
27-29 - - - <0.5 <0.5 - - - split-spoon sample
06/13/05 | 27-29 - - 3K - - - - 100 soil/drill cuttings
30-37 - - - <0.5 <0.5 - - - soil/drill cuttings
38 . - 100 - - - - 100 soil/drill cuttings
06/14/05 | 38-54 - - - = <0.5 - - - soil/drill cuttings
49-51 - - - - <0.5 - - - split-spoon sample
54 - 13K - - - - 3K - soil/drill cuttings
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Table 2-3. Radiation Control Measurements from Borehole C4545 S

ediments. (2 Pages)
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Su

06/21/05 | 54-60 - 10k - - - 4K - soil/drill cuttings

60-64 - 3K - - - 28K - soil/drill cuttings

65-70 - 3K - - - 28K - soil/drill cuttings

06/23/05 | 90 - 28K - - - 26K - soil/drill cuttings

105 - 26K - - - 24K - soil/drill cuttings

06/24/05 | 153 - 3.16 K - - - 37K - soil/drill cuttings

06/27/05 | 181 - 29K - - - 29K - soil/drill cuttings

06/28/05 | 225 - 29K - - - 29K - soil/drill cuttings

06/29/05 | 235 - 29K - - - 29K - soil/drill cuttings

260 - 29K - - - 29K - soil/drill cuttings

06/30/05 | 264 - 29K - - - 29K - soil/drill cuttings

* Thermo Electron PG-2 low-energy gamma hand probe.

® Thermo Electron high-sensitivity gamma detector.

¢ Geiger-Mueller meter.

4 Eberline RO-3B (CP) portable air-filled ionization

chamber dose rate meter “Cutie Pie.”

= alpha radiation.

]

]

beta radiation.
gamma radiation.

thousand (x 1,000).

GM
PG

PAM
SPA

= Geiger-Mueller (radiation counter).

Mexico.
= portable alpha meter.

= SPA-3 is a trademark of Eberline Instruments, a subsidiary of Thermo

Electron Corporation, Waltham Massachusetts.

PG-2 is a trademark of Thermo Electron Corporation, Santa Fe, New

0 AFY 020LZ-dIAM
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Figure 2-1. Borehole Geology, Direct Radioactive
Contamination Measurements, and Geophysical
Logging at Borehole C4545.
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Table 2-4. Industrial Hyglene Monitoring from Borehole C4<4< Sediments.

11-C

0 AJY¥ 020LT-dIAM

Point Source and Area F‘ield Dn Pemnnl Samplln :
Source :
Chloml'orm T etra s
: etllylene

06/02/05 i i =
06/06/05 1.5 10.0 = - % 5 = . < “ = = R =

3 0.10 0730 0753 - - Fi % % 3 -
06/07/05 10.0 18.0 1 0.02 1407 1408 " 2 % 5 = = - =
06/08/05 16.5° 23.0 . = = - = = = : = _ " ¥
06/09/05 23.0 25.0 5 " . - " - = R B % = <
06/10/05 250 25.0 - - = = 5 = e " N - - =
06/13/05 25 38 0.3 1.90 - - - - - - ] = e &

7 5.70 0948 0955 7.0 3.0 AKS8173 <0.11 - <0.13 -
06/14/05 38 54 & 4.00 0956 0958 3.0 1.1 0.0506 AKB055 <0.11 - <0.13 -

= = = & - - AK8088 <0.10 - <0.12 -

8 1.00 0910 0918 8 1.00 - - - - -

3 0.90 0912 0915 3 0.90 - - - - -

- - 0924 0926 2.00 1.30 - - - - -
06/15/05 54 55 3 2.00 0927 0930 - - 0.0602 - - - - -

13 1.20 1440 1453 13 1.20 > . - i -

1 1.90 1510 1511 - - - - - - -

8 2.90 1512 1520 S = A -
06/16/05 35 55 - - - - - - - H = i 5 _

- - - - - - Y46050 <0.00089 <(.0027 <.0018 <00089
e - G - - - - - - ) Y47944 <0.00083 0.002 <0.0016 <0.00083

4 0.30 0717 0721 - - X33274 <D 0.0099 <D <D

L) 0.50 0721 0725 - - X33061 <D <0.0025 <D <D
06/21/05 51.5 70 3 0.20 0728 0731 - - - - - - - -

4 0.20 0731 0734 a . - = i 2 5

6 1.70 1030 1036 3 3 s : . : -
06/22/05 70 70 - = % . - # - 3 > % 5 =
06/23/05 70 113 - - B = = 5 s n e o : z
06/24/05 113 155 - - - - - - - = = - = -
06/27/05 155 189 - . - - = % - = = . - -
06/28/05 189 226 - - - - - - - - - - - -
06/29/05 226 260 - - - - - - - - - - - -
06/30/05 260 264.5 - . . - - - 5 = 2 - . =

OVM = organic vapor meter with 11.8 eV lamp. BH = borehole.
" Hand dug below drill pad for surface sample. ID = identification.

© Start depth was ~ 16.5 ft below ground surface (slough in casing). TWA time-weighted average.
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2.5 BOREHOLE GEOPHYSICAL LOGGING

Borehole geophysical logging of Borehole C4545 took place when the borehole was at a depth of
21.3 m (70 ft) bgs and again at total depth for the borehole (80.6 m [264.5 ft] bgs). Borehole
geophysical logging records the vertical distribution of radionuclides in the soil beneath the
waste site as a means of locating and quantifying contamination, in addition to aiding in
interpretation of subsurface stratigraphy. Borehole logging equipment is calibrated annually,
with calibration data used to calculate casing attenuation factors that convert measured peak-area
count rates to radionuclide concentrations. The logging system provided a continuous
radiometric signature of the soils, measured through a single thickness of casing, to a depth
approximately 0.3 m (1 ft) above the water table (water table was measured at 79.76 m

[261.67 ft] bgs on June 30, 2005). Appendix F contains the geophysical logging results for
Borehole C4545. This report provides a brief summary of these results.

Two intervals in Borehole C4545 showed detectable Cs-137; one interval from the ground
surface to 1.5 m (5 ft) bgs and the other from 3.4 to 22.3 m (11 to 73 ft) bgs. The highest
concentration zone lies between 3.4 and 7.6 m (11 and 25 ft) bgs, with a maximum concentration
of approximately 1.5 million pCi/g measured at 6.1 m (20 ft) bgs. Potential casing
contamination may be the cause of Cs-137 contamination observed at relatively low
concentrations (e.g., below 10 pCi/g) between 12.2 and 22.3 m (40 and 73 ft) bgs and the cause
of Cs-137 spikes at probable casing joints at 15.2 and 18.3 m (50 and 60 ft) bgs.

2.6 BOREHOLE CIVIL SURVEY

The boreholes were surveyed in accordance with GRP-EE-01-1.6, Survey Requirements and
Techniques. Vertical survey data were recorded using NAVDS88, North American Vertical
Datum of 1988, and the horizontal coordinates were recorded using the Washington State Plane
(South Zone) NAD83, North American Datum of 1983, with the 1991 adjustment for horizontal
coordinates. Table 2-1 shows survey data for Borehole C4545.

2.7  WASTE MANAGEMENT

Table 2-5 summarizes the investigation-derived waste from Borehole C4545.
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Table 2-

rojec

5. Summary of Investigation-Derived Waste from Borehole C4545 at the 216-A-8 Crib (2 Pages)
SRR R TR BT e T, L T s P o2 2 £t g ; £ g

e

IDW

0017980

PW3-05-001 55 gal Soils 0-10 ft 06/06/05 <0.5 mR on contact; stored in CWCSA
IDW 0017948 | PW3-05-002 | C4545 55 gal Soils 10-20 ft 06/08/05 35 mR on contact; 20 mR @ 30 cm; stored in RA
; 110 mR on contact; 50 mR @ 30 cm; overpacked in
IDW 0017981 | PW3-05-004 | C4545 55 gal Soils 20-23 ft 06/08/05 CIN #0021154; stored in RA
IDW | 0021154 | PW3.05.037 | Casds | 8sgal | DuerPack fordrum 06/14/05 | Overpack drum inside PW3-05-004; stored in RA
Borehole cleanout (Soil) 120 mR on contact; 70 mR @ 30 cm; overpacked in
IDW 0018253 | PW3-05-005 | C4545 55 gal 2323 fi 06/08/05 CIN #0022017; stored in RA
IDW | 0022017 | PW3-05-038 | C4545 | 85 gal gxggg‘og’; am 06/14/05 | Overpack drum inside PW3-05-005; stored in RA
IDW | 0018260 | PW3-05-006 | C4545 55 gal Soils 23-25 ft and MSW | 06/09/05 12 mR on contact; 4 mR @ 30 cm; stored in RMA
IDW 0018254 | PW3-05-007 | C4545 55 gal Soils 25-31 ft 06/13/05 5 mR on contact; 1 mR @ 30 cm; stored in RMA
IDW | 0018261 | PW3-05-008 | C4545 | 55 gal i;’é';f 1345 hupad 06/13/05 | <0.5 mR on contact; stored in CWCSA
IDW | 0018180 | PW3-05-010 | C4545 | SSgal | Ny o end 06/14/05 | <0.5 mR on contact; stored in CWCSA
IDW 0018131 | PW3-05-011 | C4545 55 gal Soils 41-49 ft and MSW | 06/14/05 <0.5 mR on contact; stored in CWCSA
IDW 0018173 | PW3-05-012 | C4545 55 gal Soils 49-57.5 ft 06/20/05 <0.5 mR on contact; stored in CWCSA
IDW 0018132 | PW3-05-013 | C4545 55 gal Soils 57.5-62.5 ft 06/21/05 <0.5 mR on contact; stored in CWCSA
IDW 0018174 | PW3-05-014 | C4545 55 gal Soils 62.5-66 ft 06/21/05 <0.5 mR on contact; stored in CWCSA
IDW | 0018129 | PW3-05-015 | C4545 55 gal Soils 66-69 ft 06/21/05 <0.5 mR on contact; stored in CWCSA
IDW 0018130 | PW3-05-017 | C4545 55 gal Soils 69-79 ft 06/23/05 <0.5 mR on contact; stored in CWCSA
IDW 0018171 | PW3-05-016 | C4545 55 gal Soils 79-89 ft 06/23/05 <0.5 mR on contact; stored in CWCSA
IDW 0018172 | PW3-05-018 | C4545 55 gal Soils 89-99 ft 06/23/05 <0.5 mR on contact; stored in CWCSA
IDW 0018138 | PW3-05-019 | C4545 55 gal Soils 99-117 ft 06/24/05 <0.5 mR on contact; stored in CWCSA
IDW | 0018137 | PW3-05-020 | C4545 55 gal Soils 117-124 ft 06/24/05 <0.5 mR on contact; stored in CWCSA
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Table 2-5. Summary of Investigation-Derived Waste from Borehole C4545 at the 216-A-8 Crib (2 Pages)

¥1-C

ojec e
IDW 0025896 | PW3-05-021 | C4545 55 gal Soils 124-135 ft 06/24/05 <0.5 mR on contact; stored in CWCSA
IDW | 0025958 | PW3-05-022 | C4545 55 gal Soils 135-147 fi 06/24/05 <0.5 mR on contact; stored in CWCSA
IDW 0025868 | PW3-05-023 | C4545 55 gal Soils 147-154 ft 06/27/05 <0.5 mR on contact; stored in CWCSA
IDW 0025980 | PW3-05-024 | C4545 55 gal Soils 154-164 ft 06/27/05 <0.5 mR on contact; stored in CWCSA
IDW 0025915 | PW3-05-025 | C4545 55 gal Soils 164-175 ft 06/27/05 <0.5 mR on contact; stored in CWCSA
IDW 0025916 | PW3-05-026 | C4545 55 gal Soils 175-186 ft 06/27/05 <0.5 mR on contact; stored in CWCSA
IDW 0025920 | PW3-05-028 | C4545 55 gal Soils 186-196 ft 06/28/05 <0.5 mR on contact; stored in CWCSA
IDW 0025872 | PW3-05-029 | C4545 55 gal Soils 196-207 ft 06/28/05 <0.5 mR on contact; stored in CWCSA
IDW 0025918 | PW3-05-030 | C4545 55 gal Soils 207-221 ft 06/28/05 <0.5 mR on contact; stored in CWCSA
IDW 0025983 | PW3-05-031 | C4545 55 gal Soils 221-230 ft 06/29/05 <0.5 mR on contact; stored in CWCSA
IDW | 0025917 | PW3-05-032 | C4545 55 gal Soils 230-241 ft 0629/05 <0.5 mR on contact; stored in CWCSA
IDW 0025982 | PW3-05-033 | C4545 55 gal Soils 241-251 ft 06/29/05 <0.5 mR on contact; stored in CWCSA
IDW 0025919 | PW3-05-034 | C4545 55 gal Soils 251-262 ft 06/30/05 <0.5 mR on contact; stored in CWCSA
IDW | 0025984 | PW3-05-035 | Casas | sSgal | Sous 262102641t 06/30/05 | <0.5 mR on contact; stored in CWCSA
(total depth)

*CIN = container identification number (scannable barcode).

YPIN = primary drum identification number (written number).

CWCSA = Central Waste Container Storage Area.

DW = investigation-derived waste.

MSW = miscellaneous solid waste.

RA = Radiation Area.

RMA = Radioactive Materials Area.

0 AJY 020LT-dIAM
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3.0 SUBSURFACE DESCRIPTION

3.1 GEOLOGY OF THE 200 EAST AREA

Generalized stratigraphy in the 200 East Area near the 216-A-8 Crib includes a thin veneer of
surficial sediments consisting of unconsolidated and unweathered Holocene aeolian sands and
loess overlying unconsolidated sediments of the Hanford formation. The Hanford formation
consists of Pleistocene-age cataclysmic flood and inter-flood deposits, consisting of a sand-
dominated sequence (Unit 2) overlying a basal gravel-dominated sequence (Unit 3). Hanford
formation sediments disconformably overlie sands and gravels of the Miocene to Pliocene
Ringold Formation. The Ringold Formation, in descending order, consists of the Upper Ringold
Unit (primarily gravelly sand), Unit “E” of the Ringold Formation (primarily sandy gravel), the
Ringold lower mud (primarily silt and fine sand) and Unit “A” of the Ringold Formation
(primarily sandy gravel). The Ringold Formation overlies flood basalt flows of the Miocene
Columbia River Basalt Group. Basalts flows of the Elephant Mountain Member of the Saddle
Mountains Basalt form the base of the suprabasalt aquifer.

The following section describes geology specific to Borehole C4545 at the 216-A-8 Crib.

3.2 GEOLOGY AT BOREHOLE C4545

The upper portion of the borehole encountered 0.5 m (1.5 ft) of crushed rock used to construct
the drill pad, overlying crib construction backfill consisting of 1.4 m (4.5 ft) of gravelly sand,
2.1 m (7.0 ft) of sand, and 1.8 m (6.0 ft) of very coarse gravel. Although the proposed sample
depths were adjusted by 0.3 m (1.0 ft) to account for the drill pad (see footnote to Table 2-2), it
was determined that the pad thickness was actually 0.5 m (1.5 ft). However, no further
adjustments to proposed sample depths were made.

 Medium . Depth(mbgs) Depth (ft bgs)
Drill Pad
Crushed rock 0.5 ] 1.5
Crib Construction Backfill
Gravelly sand 1.4 4.5
Sand 2.1 7.0
Very coarse gravel 1.8 6.0

3-1
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The interval beneath the crib construction backfill, extending from 5.8 to 54.3 m (19.0 to

178.0 ft) bgs, consists of well-stratified, very fine- to coarse-grained sands belonging to the sand-
dominated facies of the Hanford formation (Unit 2). Several intervals contain finer-grained silty
sands, including 14.0 to 14.2 m (46.0 to 46.5 ft) bgs, 30.2 to 31.7 m (99.0 to 104.0 ft) bgs, 36.3
to 37.5 m (119.0 to 123.0 ft) bgs, 38.7 to 42.1 m (127.0 to 138.0 ft) bgs, 48.3 to 49.4 m (158.5 to
162.0 ft) bgs, 50.6 to 51.2 m (166.0 to 168.0 ft) bgs, 51.4 to 52.1 m (168.5 to 171.0 ft) bgs, and
52.31t052.7m(171.5 to 173.0 ft) bgs. Intervals containing coarser-grained gravelly sands
include 14.6 to 16.8 m (48.0 to 55.0 ft) bgs and 52.7 to 54.3 m (173.0 to 178.0 ft) bgs. Intervals
containing silty gravelly sand include 29.7 to 30.2 m (97.5 to 99.0 ft) bgs, 32.9 to 34.1 m (108.0
to 112.0 ft) bgs, 43.9 to 45.4 m (144.0 to 149.0 ft) bgs, and 45.7 to 46.6 m (150.0 to 153.0 ft)
bgs. Intervals with silt include 51.2 to 51.4 m (168.0 to 168.5 ft) bgs and 52.1 to 52.3 m (171.0
to 171.5 ft) bgs.

" Medium " Depth (m bgs) Depth (fitbgs)
Finer-grained silty sands 14.0to 14.2 46.0 to 46.5
30.21031.7 99.0 to 104.0
36.3t037.5 119.0to 123.0
38.7t042.1 (127.0 to 138.0
48.3t049.4 158.5t0 162.0
50.6t051.2 166.0 to 168.0
51.4 to 52.1 168.5t0 171.0
52.31052.7 171.5t0 173.0
Coarser-grained gravelly 14.6 to 16.8 48.0 t0 55.0
sands 52.7 to 54.3 173.0to 178.0
Silty gravelly sand 29.7 t0 30.2 97.51099.0
32.9to 34.1 108.0to 112.0
439to45.4 144.0 to 149.0
45.7 t0 46.6 150.0 to 153.0
Silt 51.2t0 514 168.0 to 168.5
52.1t052.3 171.0to 171.5

3-2
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The interval from 54.3 to 74.8 m (178.0 to 245.5 ft) bgs consists of the gravel-dominated facies
of the Hanford formation (Unit 3). These gravels consist of poorly sorted, angular to
sub-rounded, heterolithic cobbles (basalts and other dominantly igneous lithologies). Cobbles
range from small pebbles (4 to 6 mm) to large cobbles (64 to 256 mm). Intervals consisting of
silty sandy gravel include 54.3 to 59.1 m (178.0 to 194.0 ft) bgs and 62.5 to 64.0 m (205.0 to
210.0 ft) bgs. Intervals containing gravelly sand include 59.1 to 62.5 m (194.0 to 205.0 ft) bgs,
66.3 to 67.7 m (217.5 t0 222.0 ft) bgs, 67.8 to 68.6 m (222.5 to 225.0 ft) bgs, and 69.2 to 70.7 m
(227.0 to 232.0 ft) bgs. Intervals consisting of sandy gravel include 64.0 to 66.3 m (210.0 to
217.5 ft) bgs, 68.6 to 69.2 m (225.0 to 227.0 ft) bgs, and 72.4 to 74.8 m (237.5 to 245.5 ft) bgs.
The interval from 67.7 to 67.8 m (222.0 to 222.5 ft) bgs is a thin lens of silty sand, and the
interval from 70.7 to 72.4 m (232.0 to 237.5 ft) bgs consists of sand.

_ Medium |  Depth(mbgs) |  Depth(itbgs)
Silty sandy gravel 54.3 t0 59.1 178.0to 194.0
62.5 t0 64.0 205.0t0 210.0

Gravelly sand 59.1t062.5 194.0 to 205.0
66.3 to 67.7 217.51t0222.0

67.8 to 68.6 222.5t0 225.0

69.2 to 70.7 227.0to 232.0

Sandy gravel 64.0 to 66.3 210.0to 217.5
68.6 to 69.2 225.0 to 227.0

72.41t074.8 237.5t0245.5

Thin lens of silty sand 67.7 to 67.8 222.0t0 222.5
Sand 70.7t072.4 232.0to 237.5

The interval from 74.8 to 80.6 m (245.5 to 264.5 ft) bgs (total depth) consists of sandy gravels of
the Ringold Formation Unit A. These sediments consist of clast- to matrix-supported pebble

(2 to 64 mm) to cobble (64 to 256 mm) heterolithic gravels with a fine- to coarse-grained sandy
matrix. Lenticular sand and silt interbeds also are characteristic of the Ringold Formation

Unit A.

Figure 3-1 illustrates the geology at Borehole C4545, and Appendix E contains the borehole log
for Borehole C4545.
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Figure 3-1. Summary of Borehole Geology at Borehole C4545.
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APPENDIX A
216-A-8 CRIB SOIL VAPOR SAMPLING IN DIRECT-PUSH BOREHOLES

On July 7 and July 8, 2004, in situ soil-vapor sampling was conducted along the length of the
216-A-8 Crib, in accordance with guidance provided by DOE/RL-2001-01,
Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit RI/FS Work
Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units, Appendix B, the
sampling and analysis plan. A direct-push technology, the GeoProbe', was used to install
boreholes for access to the shallow vadose zone, and soil-vapor samples were collected from the
bottom of each borehole. The borehole locations are shown in Figure A-1.

Installation of the five boreholes started at the western end of the crib and proceeded toward the
eastern end. The sequence for borehole installation was C4544, C4543, C4542, C4541, and
C4540. Installation of three direct-push boreholes (C4542, C4543, and C4544) occurred on
July 7, 2004, and installation of the remaining two boreholes (C4540 and C4541) took place on
July 8, 2004. Four boreholes (C4541, C4542, C4543, and C4544) were pushed to a depth of
4.7 m (15.3 ft) below ground surface (bgs). Borehole C4540 was pushed to refusal at 3.7 m
(12.3 ft) bgs.

After each borehole reached final depth, the casing string was retracted for 0.3 m (1 ft) to
provide a 0.3 m (1-ft)-long open sampling interval. A metal mesh screen attached to TY GON?
tubing then was lowered into the hole until it reached bottom. A seal around the tubing at the top
of the hole was formed by inserting a nitrile glove into the casing and taping over the top with
electrical tape. The end of the tubing was connected to a Thermo Environmental Instruments
Inc. Model 5808 organic vapor monitor (OVM) (serial # 580S-57818-315)” calibrated with
isobutylene calibration gas with a known concentration of 104 ppm. The OVM was used to
pump the vapor through the tubing to the surface.

Planning, drilling, and decommissioning of the direct-push GeoProbe boreholes adhered to the
guidelines and requirements presented in GRP-EE-02-14.2 (GeoProbe, Casing Driving, and
Push Technology Installations). The GeoProbe boreholes conformed to standards defined in
WAC-173-160 (Minimum Standards for Construction and Maintenance of Wells).

! GeoProbe is a registered trademark of GeoProbe Systems, Salina, Kansas.

*TYGON is a registered trademark of Norton Performance Plastics Corporation, a Saint-Gobain Company, Akron,
Ohio.

* Thermo Environmental is an abbreviation for Thermo Electron Corporation, Environmental Instruments Division,
Franklin, Massachusetts, of which Model 5808 is a trademark.
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Figure A-1. Location of Direct-Push (GeoProbe) Boreholes and Existing Wells |
at the 216-A-8 Crib.
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The OVM initially was operated for at least 5 minutes to exhaust air from the void space of the
casing. The casing had an inside diameter of approximately 2.5 cm (1 in.) and was 4.9 m (16 ft)
in length, resulting in an internal volume of approximately 2458 cm’® (150 in’) or 2.5 L. The
OVM pump extracts approximately 0.5 to 1 L per minute, so 5 minutes of operation, assuming
extraction at the lower pumping rate, was considered sufficient to exhaust any atmospheric air
introduced into the casing and allow sampling of in situ soil vapor. Following the 5-minute
purge of the borehole, the OVM was used to measure the concentration of organic compounds in
the soil Vag)or. A soil-vapor sample then was collected in a Tedlar” bag for field screening using
an Innova’ multigas analyzer and a Photovac 108 Plus® gas chromatograph. The Innova
multigas analyzer and the gas chromatograph are calibrated to identify individual organic
compounds, whereas the OVM can measure only the total organic concentration.

The OVM then was removed from the tubing, and the end of the tubing was capped to prevent
introduction of atmospheric air into the system. Driger’ tubes (colorimetric indicator tubes) then
were attached to the end of the tubing, and samples were drawn through the tubes by using a
bellows style pump (Dréger 2001, Drager-Tubes/CMS Handbook). Four specific types of
Driger tubes, described below, were selected to cover the range of organic contaminants that
might be present, in addition to the volatile organic compounds that could be analyzed using the
gas chromatograph and Innova analyzer.

A Driger tube is a glass vial containing a chemical preparation that is designed to react with a
specific compound and change color. Drawing a specified volume of soil vapor through the
glass vial and reagent substrate allows the reagent substrate to undergo the chemical reaction and
produce the color change, if the specific compound is present in the soil vapor. On tubes with
gradational markings, the length of the resulting color change correlates to the concentration of
the specific substance in the soil vapor, and the concentration is read directly from gradational
markings on the tube. On tubes without gradational markings, color changes only indicate the
presence of the specific substance. However, these tubes provide a qualitative indication of the
relative amount of the substance present through either the length of the discoloration or the
intensity of the color change. Drager tubes allow on-the-spot measurement at a given location
over a relatively short period. They are sealed until use, have a shelf life of about 2 years, and
require no user calibration. The results are accurate for tubes with and without gradational
markings. Following is a discussion of the four types of tubes employed at the 216-A-8 Crib.

* Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
* Innova is a trademark of Innova AirTech Instruments AJ/S, Ballerup, Denmark.

® Photovac 10S Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.

" Driiger is a trademark of OFI Testing Equipment, Inc., Houston, Texas. (aka OFITE)
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*Hydrocarbon 0.1%/b - The tube contains iodine pentoxide (1,0s), which reacts with
hydrocarbons to produce iodine, manifested by a color change from white to brown gray. It is
primarily an indicator of hydrocarbons with double bonds, such as propane/butane (C3Hg/C4H ().
The general reaction is as follows:

CiHg/C4Hp + LOs — I,

Propane has a measurement range of 0.1 to 0.8 vol%, and butane has a measurement range of
0.5 to 1.3 vol%. The standard deviation is + 30 to 40%.

*Hydrocarbon 2 - The tube contains selenium dioxide (SeO;), which reacts with hydrocarbons
(CgH;3) to produce a color change from pale yellow to brown. This reagent indicates both
aliphatic and aromatic hydrocarbons, although aromatic hydrocarbons produce a more reddish
color change. The general reaction is as follows:

CsH;s + SeO, — brown reaction product.

Octane has a measurement range of 3 to 23 (mg/L hydrocarbon)/L. The standard deviation is
+ 30 to 40%.

*Polytest - The tube contains iodine pentoxide, which reacts with easily oxidized compounds to
produce a color change from white to brown, green, or possibly violet, depending on the
substances present. The reaction principle is as follows:

CO + LOs — I, + CO,.

This tube provides a qualitative screening test for the presence or absence of a number of
compounds, including acetone, acetylene, arsine, benzene, butane, carbon monoxide, carbon
disulfide, ethylene, hydrogen sulfide, octane, perchloroethylene, propane, styrene, and
toluene/xylene. The presence of several substances can be indicated when individual concentrations
exceed the following levels:

2000 ppm Acetone 10 ppm Acetylene 1 ppm Arsine

50 ppm Benzene 100 ppm Butane 5 ppm Carbon monoxide
1 ppm Carbon disulfide 50 ppm Ethylene 2 ppm Hydrogen sulfide
10 ppm Octane 20 ppm Perchloroethylene 500 ppm Propane

10 ppm Styrene 10 ppm Toluene/Xylene

This tube does not provide indications for methane, ethane, hydrogen and carbon dioxide.

*Ammonia 5/a - The tube contains a pH indicator that reacts with ammonia (NH3) to produce a
color change from yellow orange to blue. There is no interference by up to 300 ppm of nitrous
gases (NOx), 2000 ppm of sulfur dioxide, and 2000 ppm of hydrogen sulfide. The tube also
detects organic amine compounds. The general reaction is as follows:

pH indicator + NH3; — blue reaction product.
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Ammonia has a measurement range of 5 to 70 ppm with a standard deviation of = 10 to 15%.
Detection below 5 ppm is possible, but only as a qualitative indication.

Table A-1 lists the borehole, interval sampled (between the depth of total push and depth of
casing bottom after back-pulling 0.3 m [1 ft]), and OVM reading (in parts per million). The next
four columns list the results of testing using the ammonia, polytest, hydrocarbon 0.1%/b, and
hydrocarbon 2 Driger tubes.

Table A-2 lists the analytical results for soil vapor samples that were collected in Tedlar bags and
analyzed using the gas chromatograph and the Innova analyzer. Two duplicate samples, one on
each day of sampling, also were collected in Tedlar bags and analyzed as part of this process.
Calibration checks using a set of standards were performed before analysis began and at the end
of analysis each day. Table A-2 shows that most variances from the standards were less than
10 percent. A blank sample consisting of certified clean air also was analyzed each day. The
sample holding time of six hours was exceeded for four samples, including both duplicate
samples and one of the original samples used as part of the original / duplicate quality control
pair. The close correlation between the results for the original sample that did not exceed the
hold time and the duplicate that did exceed the hold time suggests that exceeding the hold time
may not have affected the sample results.

Table A-1. Field Screening Results for In Situ Soil Vapor Samples Analyzed using the Organic
Vapor Monitor and Driiger Tubes.

143 -
C4544 . 07/07/2004 15.3 N/A 0.3-0.5 ND ND ND Trace
14.3 -
C4543 07/07/2004 15.3 12 2 ND ND ND ND
! 14.3 -
C4542 07/07/2004 15.3 12 0 ND ND ND ND
14.3 -
C4541 07/08/2004 153 11 0.5-0.7 ND ND ND ND
11.3-
C4540 07/08/2004 12.3 8 0.3 ND ND Trace ND
ND = not detected.
OVM = organic vapor monitor.
Trace = slight change noted.

The only soil-vapor samples that showed Drager tube test reactions were from Boreholes C4544
and C4540, and the reactions were weak trace reactions in both cases (Table A-1). Tubes used in
the sampling were checked on July 8, 2004, to determine if they were functioning correctly, by
drawing vapor from the exhaust of a diesel engine and the smoke from a cigarette. Both of these
tests produced positive indications of reaction on the tubes. No volatile organic compounds were
detected in the soil-vapor samples analyzed using the gas chromatograph or the Innova analyzer

(Table A-2). Only trace quantities of organic contamination were detected using the OVM
(Table A-1).
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Table A-2. Industrial Hygiene Survey Results for 216-A-8 GeoProbe

Boreholes.

C4544 Breathing Zone <D <D 20.8
C4544 Point Source <D <D 20.8
C4543 Breathing Zone 2.1 <D 213
C4543 Point Source 20.8 0.03 20.9
C4542 Breathing Zone <D <D 21.0
C4542 Point Source 22.1 0.04 19.5
C4541 Breathing Zone <D <D 20.9
C4541 Point Source <D <D 20.9
C4540 Breathing Zone <D <D 21.0
C4540 Point Source <D <D 21.2

<D = less than detect.

NH; = ammonia.

0, = oxygen.

Health and safety monitoring was conducted by the industrial hygiene technician during
installation, sampling, and decommissioning activities at the five GeoProbe boreholes.
Monitoring included breathing-zone and point-source readings for volatile organics, ammonia,
and combustible gases. The industrial hygiene technician detected contaminants in the open
casing at Boreholes C4543 and C4542 immediately after the casing was back-pulled to expose
the sampling interval, and the back-pull tool was removed from the top of the casing

(Table A-3). These initial concentrations quickly dissipated. Instruments used for monitoring
were a VX500 Photolonization Detector® for ammonia and organics, Industrial Scientific
TMX412 Multi-Gas Monitor’ for 0O, and lower explosive limit, and Manning EC-P2'° ammonia
meter.

¥ VX500 Photolonization Detector is a trademark of Industrial Scientific Corporation, Oakdale, Pennsylvania.
? TMX412 Multi-Gas Monitor is a trademark of Industrial Scientific Corporation, Oakdale, Pennsylvania.

# Manning EC-P2 is a trademark of Manning Systems Incorporated, Lenexa, Kansas.
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1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5 -—- ---
NA 0.96 0.97 0.98 1.01 0.96 NA 0.98 225 - ---
<0.10 <0.25 <0.20 <015 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9.200
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.150
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,220
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.180
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,150
NA 0.95 0.97 0.96 1.00 0.96 NA 0.97 22.5 --- ---
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5 - ---
NA 0.95 0.91 0.94 0.94 0.96 NA 1.01 22.6 - -
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.300
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 12,600
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9.100
<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9,200
NA 0.93 0.50 0.91 0.83 0.91 NA 0.89 22.6 =2 s

®1,1,1-trichoroethane.

7 carbon tetrachloride.

® trichloroethylene.

? 1,1,2-trichloroethane.
' tetrachloroethylene.
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Calibration

S e i o e 2 — —_—
e 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5
g;i‘i’f“"n 07/07/2004 | 16:55 | 07/07/2004 17:24 NA 0.96 0.97 0.98 1.01 0.96 NA 0.98 22.5
Blank
(Certified 07/07/2004 | 16:35 | 07/07/2004 17:30 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <025 <1.0 <1.0 9.200
Clean Air)
C4542 BI19V36 | 07/07/2004 | 13:05 | 07/07/2004 17:35 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.150
C4543 BI9V37* | 07/07/2004 | 10:50 | 07/07/2004 17:41 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,220
C4544 BI9V38* | 07/07/2004 | 9:40 | 07/07/2004 17:47 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,180
gi;ﬁiate BIOV3O* | 07/07/2004 | 9:40 | 07/07/2004 | 17:53 <0.10 <025 <0.20 <0.15 <0.20 <0.10 <0.10 <025 <10 <1.0 8,150
g;‘cfl’f“"“ 07/07/2004 | 16:55 | 07/07/2004 |  18:00 NA 0.95 0.97 0.96 1.00 0.96 NA 0.97 225
Calibration HE &
Cneniaet 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5
g;t‘?f“"“ 07/08/2004 | 12:25 | 07/08/2004 12:57 NA 0.95 0.91 0.94 0.94 0.96 NA 1.01 226
Blank
(Certified 07/08/2004 | 12:15 | 07/08/2004 13:05 <0.10 <025 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,300
Clean Air)
C4540 BI19V43 | 07/08/2004 | 13:15 | 07/08/2004 14:07 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 12,600
C4541 B19V44 | 07/08/2004 | 815 | 07/08/2004 14:13 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9.100
gif:ilate B19V45* | 07/08/2004 | 8:15 07/08/2004 14:20 <0.10 <025 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9,200
gflgff""“ 07/08/2004 | 1225 | 07/08/2004 | 14:27 NA 0.93 0.90 0.91 0.83 0.91 NA 0.89 2.6

" Instrument: Photovac 108 Plus GC, Serial # TA920107.
* Instrument: Innova 1312 photoacoustic multigas analyzer, Serial # A9720.

¢ 1,1,1-trichoroethane.
" carbon tetrachloride.
* dichloromethane.

*1,1-dichloroethane.

? trichloromethane.
* Analysis conducted after 6-hour hold time was exceeded.

¥ trichloroethylene.
? 1,1,2-trichloroethane.
' tetrachloroethylene.

Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
Photovac 10S Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.
NA = not analyzed.
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Following collection of the Driger tube samples, the sampling tube was removed from the
borehole. Each borehole then was decommissioned by being filled with bentonite granules and
chips. Bentonite was poured through the temporary casing as it was being extracted to ensure
overlap during withdrawal.

The radiological control technician wiped the tubing and filter with a cloth as it was retrieved, to
monitor for potential radiological contamination. Radiological field screening was conducted by
a radiological control technician on the GeoProbe rods as they were withdrawn from the
subsurface.

The metal mesh screens from boreholes C4542 and C4541 were radiologically contaminated,
indicating that radioactive contamination was encountered at the bottom of these boreholes.
Contamination on the probe at borehole C4542 was initially 6,000 cpm By, with 3,500 cpm By
removable. The screen and approximately 0.3 m (1 ft) of tubing were removed and bagged as
contaminated material. The radiological control technician was concerned that the removable
contamination could become airborne if exposed to the windy conditions, so a Radiological
Work Permit was required for removal of the casing. Because it was near the end of the work
day, it was determined to seal the top of the casing with tape, mark it with a trefoil, and remove it
the next day.

Contamination levels on the metal mesh screen from Borehole C4541 were 40,000 cpm Py. The
sampling screen and approximately 0.5 m (1.5 ft) of tubing were removed, bagged, and disposed
of as contaminated material. The Radiological Work Permit controlled the work.

No radiological contamination was detected on the GeoProbe rods.

Borehole C4541 exhibited venting of dust for approximately 5 seconds upon removal of the
back-pulling tool. The open interval at this time was from 4.4 to 4.7 m (14.3 to 15.3 ft) bgs.
A grinding sound of metal on rock was reported when the casing was back-pulled at this
borehole.

Table A-4 lists the civil survey data (northing and easting coordinates and elevation) for each
borehole.

Table A-4. GeoProbe Borehole Civil Survey Data.

Borehole | Northing(m) | Easting(m) [ Ground Elevation (m)
C4544 136169.31 575650.97 202.01
4543 136177.37 575682.22 201.62
C4542 136191.62 575747.08 201.39
C4541 136202.24 575813.83 201.50
4540 136219.37 575911.73 200.80
Datum:

NADS83, 1991, North American Datum of 1983.
NAVDS8S, 1988, North American Vertical Datum of 1988.
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APPENDIX B
216-A-8 CRIB SOIL VAPOR SAMPLING IN EXISTING BOREHOLES

Soil vapor sampling in five existing boreholes at the 216-A-8 Crib took place on April 21, 2005.
Soil-vapor samples were collected from the screened zones at wells 299-E25-4, 299-E25-5,
299-E25-7, 299-E25-8, and 299-E25-9, in accordance with guidance provided in
DOE/RL-2001-01, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6 Operable
Units, Appendix B, the sampling and analysis plan. The screened zone in each well was isolated
using a downhole packer. The samples were analyzed for volatile- and semivolatile-organic
compounds using a field screening instrument. Figure B-1 shows the location of these wells.

The samples were analyzed using a MIRAN SapphIRe' Ambient Air Analyzer. The MIRAN
SapphIRe uses a single-beam infrared spectrophotometer coupled with a microcontroller that
automatically controls the analysis, processes the measurement signal, and calculates the
absorbance values.

Initial operation of the MIRAN SapphlIRe in spectrum scan mode allowed scanning of all
measurable wavelengths. At all five wells, the spectrum scan was set for “full scan — L”. This is
the setting for a spectrum scan using a long signal pathlength. The full scan also provides signal
compensation to reduce signal noise generation in the data file. The duration of this type of scan
is 400 seconds.

The scan was stored in internal memory until downloaded to a laptop computer in the field. The
laptop computer contains a program, ThermoMatch?, which analyzes the data file and determines
correlations between known compounds or combinations of known compounds and the actual
scan. The correlation is assigned a Hit Quality Index (HQI) to indicate the degree of certainty
that each of up to five detected compounds may be contributing to the unknown scan. HQI
comments include the following:

e >90% = Excellent hit quality (90-100% HQI)
» 80-90% = Good hit quality (80-90% HQI)

o 70-80% = Fair hit quality (70-80% HQI)

» <70% = Poor hit quality (0-70% HQI).

Table B-1 lists the compounds that are in the ThermoMatch software library for use in scan

analysis comparisons.

' MIRAN and the SapphIRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation,
Franklin, Massachusetts.

2 ThermoMatch is a trademark of Thermo Electron Corporation, Waltham, Massachusetts.
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Figure B-1. Location of Existing Boreholes at the 216-A-8 Crib.
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Table B-1. ThermoMatch Library Compounds. (2 Pages)

" CompoundName | CAS# | CompowsdName | CASY
'T’e];r L‘f};lomethane 630-20-6 | Dichloroethylether 111-44-4 | Methyl Pyrrolidinone, n- | 872-50-4
e AN 79-34-5 | Dichloroethylethylether | 623-46-1 | Methyl Salicylate 119-36-8
1,1.2-Trichloroethane 79-00-5 Dichlorotrifluoroethane | 306-83-2 Methylene Chloride 75-09-2
1,1-Dichloroethane 75-34-3 Diethyl Ether 60-29-7 Methylene Fluoride 75-10-5
Bohloroethene.trans. | 156-60-5 | Diethyl Malonate 105-533 | MIBK 108-10-1
E)ﬁ:-hlorocthylcne,cis- 156-59-2 Diethylamine 109-89-7 Nitrobenzene 98-95-3
1,3-Butadiene ! 106-99-0 Dimethyl Carbonate 616-38-6 Nitrogen Trifluoride 7783-54-2
:{;piaﬁ . ’jl;mpm 431-89-0 | Dimethyl Sulfate 77-78-1 Nitrous Oxide 10024-97-2
1-Bromobutane 109-65-9 Dimethyl Sulfoxide 76-78-5 Octane 111-65-9
1-Octanethiol 111-88-6 Dimethylacetamide 127-19-5 Octanol 104-76-7
1-Octene 111-66-0 Dioxane 123-91-1 Pentane 109-66-0
2-Chlorotoluene 95-49-8 DPGME 34590-94-8 | PGME 107-98-2
2-Furfural 98-01-1 Enflurane 13838-16-9 PGMEA 108-65-6
Acetaldehyde 75-07-0 Epichlorohydrin 106-89-8 Phosgene 75-44-5
Acetic Acid 64-19-7 Ethane 74-84-0 Propane 74-98-6
Acetone 67-64-1 Ethyl Acetate 141-78-6 Propanol, n- 71-23-8
Acetonitrile 75-05-8 Ethyl Alcohol 64-17-5 Propyl Bromide, n- 106-94-5
Acetophenone 98-86-2 Ethyl Benzene 100-41-4 Propylene Oxide 75-56-9
Acetyl Chloride 75-36-5 Ethyl Chloride 75-00-3 Pyridine 40-86-1
Acetylene 74-86-2 Ethyl Formate 109-94-9 R-113 76-13-1
Acrolein 107-02-8 Ethyl Lactate 97-64-3 R-114 76-14-2
Acrylonitrile 107-13-1 Ethyl Mercaptan 75-08-1 R-12 75-71-8
Allyl Chloride 107-05-1 Ethylene 74-85-1 R-124 2837-89-0
Ammonia 7664-41-7 | ETO 75-21-8 R-125 354-33-6
Amyl Alcohol 71-41-0 Formaldehyde 50-00-0 R-134A 811-97-2
Aniline 62-53-3 Formic Acid 64-18-6 R-13BI 75-63-8
Benzaldehyde 100-52-7 Halothane 151-67-7 R-14 75-73-0
Benzene 71-43-2 Heptane 142-82-5 R-142B 75-68-3
Benzyl Alcohol 100-51-6 Hexafluoroisobutylene 382-10-5 R-143A 420-46-2
Benzyl Chlonde 100-44-7 Hexafluoropropylene 116-15-4 R-152A 75-37-6
Butane 106-97-8 Hexamethyldisilazane 999-97-3 R-21 75-43-4
Butanol, n- 71-36-3 Hexanes 73513-42-5 R-22 75-45-6
Butyl Acetate 123-86-4 Hydrazine 302-01-2 R-23 75-46-7
Butyl Cellosolve 111-76-2 Isobutane 75-28-5 R-236FA 690-39-1
Butyl Methyl Ether, t- 1634-04-4 Isobutyl Acetate 110-19-0 Sevoflurane 28523-86-6
Carbon Dioxide 124-38-9 Isoflurane 26675-46-7 SF6 2551-62-4
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ThermoMatch Library Compounds. (2 Pages)

' Compound Name - AS _ Compound Name . | CAS# . Compound Name :
Carbon Disulfide 75-15-0 Isopropyl Alcohol 67-63-0 Styrene 100-42-5
Carbon Tetrachloride 56-23-5 Isopropyl Ether 108-20-3 Sulfur Dioxide 7446-09-5
Cellosolve 110-80-5 m-Cresol 108-39-4 Sulfuryl Fluoride 2669-79-8
Cellosolve Acetate 111-15-9 Methane 74-82-8 t-Butyl Alcohol 75-65-0
Chlorobenzene 108-90-7 Methoxyflurane 76-38-0 Tetrachloroethylene 127-18-4
Chloroform 67-66-3 Methyl Acetate 79-20-9 Tetrahydrofuran 109-99-9
Chlorotrifluoroethane 1330-45-6 | Methyl Acetylene 74-99-7 Toluene 108-88-3
Chlorotrifluoroethylene | 79-01-6 Methyl Acrylate 96-33-3 Trichloroethylene 79-01-6
Carbon Monoxide 630-08-0 Methyl Alcohol 67-56-1 Trichlorofluoromethane 75-69-4
Cumene 98-82-8 Methyl Amine 74-89-5 Triethylamine 75-50-3
Cyclohexane 110-82-7 Methyl Cellosolve 109-86-4 Trifluorochloroethylene 79-38-9
Cyclohexanol T TR L e 110-49-6 | Vinyl Acetate 108-05-4

Acetate

Desflurane 57041-67-5 | Methyl Chloride 74-87-3 Vinyl Chloride 75-01-4
Diacetone Alcohol 123-42-2 Methyl Chloroform 71-55-6 Vinyl Fluoride 75-02-5
Dichlorobenzene, m- 541-73-1 Methyl Ethyl Ketone 78-93-3 Vinylidiene Chloride 75-35-4
Dichlorobenzene, o- 95-50-1 Methyl Methacrylate 80-62-6 Xylenes 1330-20-7
Dichlorobenzene, p- 106-46-7

CAS# = Chemical Abstracts Service Registry Number. R-22 = Chlorodifluoromethane.

DPGME = Dipropylene glycol monomethyl ether. R-23 = Trifluoromethane.

ETO = Ethylene oxide. R-113 = 1,1,2-Trichloro-1,2,2-trifluoroethane.

MIBK = Methyl isobutyl ketone (Hexone). R-114 = 1,2-Dichlorotetrafluoroethane.

PGME = Propylene glycol monomethyl ether. R-124 = 2-Chloro-1,1,1,2-tetrafluorocthane.

PGMEA = Propylene glycol monomethyl ether acetate. R-125 = Pentafluoroethane.

SF6 = Sulfur Hexafluoride. R-134A = 1,1,1,2-Tetrafluoroethane.

R-12 = Dichlorodifluoromethane. R-142B = l-chloro-1,1-difluoroethane.

R-13B = Bromotrifluoromethane. R-143A = 1,1,1-Trifluoroethane.

R-14 = Carbon Tetrafluoride. R-152A = 1,1-Difluoroethane.

R-21 = Dichloromonofluoromethane. R-236FA = 1,1,1,3,3,3-Hexafluoropropane.

Compounds with an HQI of less than 70 percent are unlikely to be present in the sample.
Conversely, compounds with an HQI greater than 70 percent are likely to be present in the
sample, and use of the MIRAN SapphlIRe in single-compound mode is appropriate. In single-
compound mode, the MIRAN analyzer can be used to scan for individual compounds (one
compound in each run). Single-compound mode provides the concentration of a specific organic
compound present in the soil-vapor sample. The single-compound mode uses the same
technology as the spectrum scan, but only looks at the specific absorption characteristics for a
particular compound. The result of the single-compound mode yields a more accurate vapor
concentration than the estimated concentration generated by the ThermoMatch software,
although potential cross-interference with other compounds may affect the results.

During sampling activities, the weather was partly cloudy with a steady breeze coming out of the
northwest. The temperature was about 70°F. During sampling, no detectable air movement
either into or out of the wells occurred. This suggests no vapor dilution in the screened intervals
by influx of atmospheric air.
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Installation of the packer in well 299-E25-4 took place at approximately 9:15 a.m. During
installation of sample tubing (installed during the packer descent) at this first well, the packer
was stopped every 15.2 m (50 ft) to allow an additional length of sample tubing to be connected.
Five sections of Teflon’ lined TYGON" tubing were connected to a 3 m (10-ft) section attached
to the packer to yield approximately 79.2 m (260 ft) of sample tubing.

The packer was set at 71.0 m (233 ft), a sample pump was installed on the sample tubing, and
sample line purging commenced at 10:00 a.m.. The initial pumping rate was set at
approximately 5 L/min, but was decreased to approximately 1.5 L/min as a result of the pump
ceasing operation because of a flow-fault condition. The flow-fault condition frequently occurs
when 0.6 cm (% in.) interior diameter TYGON tubing with a Teflon liner is used. The liner loses
cohesion with the TY GON tube and collapses under the vacuum generated by the pump. This
collapse seals the line and may not allow sufficient flow volume through the pump for proper
operation. Without adequate flow, the pump shuts down and indicates a flow fault. To correct
the condition, the pumping rate must be decreased and/or a larger interior-diameter TY GON
tubing must be used.

During sample purging, the industrial hygiene technician conducted health and safety monitoring
using a photoionization detector (PID) at the exhaust end of the sample pump. The pump was
operated for approximately 10 minutes with the discharge open to the atmosphere to purge the
system. The purge time took into consideration the purge volume of the sample line
(approximately 0.6 1) and the volume of the well casing between the bottom of the packer and
the water table (approximately 15 L). The depth to water used for this purpose was from
recently completed borehole logging. The exhaust line was connected to the input wand of the
MIRAN SapphlRe after purging and sampling commenced.

The ThermoMatch software produced an HQI of 18.5 percent, which falls into the poor hit-
quality category and indicates that no organic compounds in the software library are present.
Because the HQI was less than 70 percent, the analyzer was not reconfigured to analyze for a
single compound.

A duplicate sample from well 299-E25-4 was analyzed after the analysis of the primary sample.
The ThermoMatch software produced an HQI of 21.3 percent, which falls into the poor
hit-quality category and indicates that no organic compounds in the software library are present
in the duplicate sample. Because the HQI was less than 70 percent, the analyzer was not
reconfigured to analyze for a single compound.

At the end of the sampling event, the sampling pump was switched off, the TYGON tubing was
removed from the pump inlet, and the packer was removed from the well. While the packer was
being removed from the well, the radiological control technician conducted radiological field
screening of the sample tubing, packer inflation hose, and tape measure attached to the packer

* Teflon is a trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.

* TYGON is a registered trademark of Norton Performance Plastics Corporation, a Saint-Gobain Company, Akron,
Ohio.
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for depth determinations. All of the lines coming out of the well showed a coating of red dust,
most likely reflecting rust from the inside of the casing. This red dust was present at all wells
sampled.

During the sample tube extraction, coiling of the TYGON tubing into loops facilitated
redeployment in the remaining wells. During coiling, running the tubing through a gloved hand
removed a majority of the red dust. Survey of this material by the radiological control technician
showed background levels for the area. Survey of the inflation hose and tape measure also
showed background levels.

After the packer was removed from the well, the pump-setting rig was moved to the next well.
After removing the wellhead cover at the next well, 299-E25-5, the industrial hygiene technician
monitored the well head using the PID and detected no measurable vapor concentrations. The
packer was set at a depth of 70.1 m (230 ft), and purging commenced at 11:10 a.m.. Sample
analysis using the MIRAN SapphlRe occurred at approximately 11:20 a.m.. The resulting data
file showed an HQI of 39.7 percent, indicating that no organic compounds were present. Based
on the low HQI, the instrument was not reconfigured for single compound detection. The packer
was removed from the well using the same process described above, and the pump-setting rig
was moved to the next well. Radiological field screening indicated that all of the materials
removed from the well were at background levels.

The next well sampled was 299-E25-7. The industrial hygiene technician detected no
measurable organic vapor concentrations upon opening the wellhead, and the packer was set at a
depth of 70.1 m (230 ft) at 12:00 p.m.. After purging, the sample was analyzed using the
MIRAN SapphlIRe. The ThermoMatch software yielded an HQI of 45.3 percent, indicating that
no organic compounds were present. Based on the low HQI, the MIRAN SapphIRe was not
reconfigured for single-compound detection. The sample pump was disconnected, and the
packer was removed from the hole. Radiological field screening indicated that all of the
materials removed from the well were at background levels.

The next well sampled was 299-E25-8. Upon removal of the wellhead cover, the PID detected
transient values of 1 ppm. Because the readings on the PID decayed to zero after less than

3 seconds, it was determined that work could proceed safely. The packer was set at a depth of
72.8 m (239 ft) at 12:35 p.m.. After purging, analysis with the MIRAN SapphIRe resulted in an
HQI of 46.0 percent. The low HQI indicated that no organic compounds were present, and the
MIRAN SapphIRe was not reconfigured for single-compound detection. The packer was
removed from the well, and the pump-setting rig was moved to the next well. Radiological field
screening indicated that all of the materials removed from the well were at background levels.

The next well sampled was 299-E25-9. The industrial hygiene technician detected no
measurable organic vapor concentrations using the PID upon removal of the wellhead cover.
The packer was set at a depth of 69.5 m (228 ft) at 1:30 p.m.. After purging, sample analysis
using the MIRAN SapphlIRe resulted in an HQI of 53.1 percent. The low HQI indicated that no
organic compounds were present, and the MIRAN SapphIRe was not reconfigured for single-
compound detection. The packer was removed from the well.
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During the extraction of the packer, a cloth was used to clean the dust from the sampling line.
This cloth, when monitored by the radiological control technician, showed radiological activity
above background levels. When the cloth was rechecked after a couple of minutes, the readings
showed background levels, and it was determined by the radiological control technician that the
elevated readings were from radon particles.

Based on the analytical data, no organic vapor concentrations were detected in samples collected
from the screened intervals of these five wells.

A summary of these well data is presented in Table B-2.

Table B-2. Vapor Sample Summary for 216-A-8 Existing Wells.

le Depth ¢
299-E25-4 04/21/05 10:10 233 ND Background | 18.5%
299-E25-4
. 04/21/05 10:32 | 233 ND Background 213 %

duplicate
299-E25-5 04/21/05 11:20 230 ND Background | 39.7 %
299-E25-7 04/21/05 12:10 230 ND Background | 45.3 %
299-E25-8 04/21/05 12:45 239 Transient/ND | Background | 46.0 %
299-E25-9 04/21/05 13:40 228 ND Background | 53.1 %

HQI = Hit Quality Index.

ID = identification number.

IHT PID = industrial health technician photoionization detector.

ND = non-detect.

RCT = radiological control technician.

TOC = top of casing.

Before the primary and duplicate samples from well 299-E25-4 were analyzed, a blank sample
consisting of ambient air was analyzed on 04/21/05 at 9:26. The ThermoMatch software
produced an HQI of 14.7 percent, indicating that no organic compounds in the software library
are present in the blank. Because the HQI was less than 70 percent, the analyzer was not
reconfigured to analyze for a single compound.

The MIRAN analyzer contains factory calibration data for 120 chemical compounds. The
calibration data have been confirmed on site using calibration gases for the following eight
volatile organic compounds: carbon tetrachloride, chloroform, methylene chloride,
1,1,1-trichloroethane (1,1,1-TCA), 1,1,2-trichloroethane (1,1,2-TCA), 1,1-dichloroethane
(1,1-DCA), trichloroethylene (TCE), and tetrachloroethylene (PCE). Additionally, on a
quarterly basis, the MIRAN analyzer is checked for instrument response using a closed-loop
injection system and 10 certified chemical compounds. Results of the instrument response
checks indicate that all 10 of these compounds show good response (Table B-3). Good
agreement between the expected concentration and the instrument response indicates that the
data generated from these analyses are reliable.
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Calibration is conducted following each day of field screening analysis for those compounds that
were detected during field screening of the samples. Because no organic compounds were
detected during field screening of samples from these boreholes, no calibration was conducted
following the field screening analyses.

Table B-3. Field-Screening Results for Calibration Standards.

MIRAN SapphIRe Ambient Air Analyzer
Analysis Analysis L. L 1.
Type pate | DM | M rem | BUA | col, | e | YeE | PCE | Methane| cO,
mv mv my my my my mv
CP™Y) | omyy | PPV oomy)y | PPIV) | (PPIV)| oy | PPRIV) | (PPmY) | (ppmv)
Calibaltion | poe 10 | 14 | 137 | 44 | 057 | 4 | 059 | 053 | 51 1051
Standard
Calibration | 3/10/05 | 12 | 16 | 147 | 46 | 060 | 5 | 064 | 045 | 63 | 110
Check
% Recovery NA 120 114 107 105 105 125 109 85 124 105
DCA = dichloroethane.
DCM = dichloromethane.
NA = notapplicable.
PCE = tetrachloroethylene.
ppmv = parts per million by volume.
TCA = trichloroethane.
TCE = trichloroethylene.
TCM = trichloromethane (chloroform).
REFERENCE

DOE/RL-2001-01, 2004, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units, Rev. 0, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.
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APPENDIX C
GECPHYSICAL LOGS FOR SIX EXISTING 216-A-8 WELLS

flantord Otiee DOE-EM/(33653-2004
299-E25-4 (A4788) '
Log Data Report

Borehgie Information:

Boerehole: 258-E25-4 [A4788 B - Siter 216-A-Brib
Coordinates (WA State Plane) GWL {R):  Not deep enou GWL Date: 40572004 1
North East Drilt Date: g TOC" Elevation E Total Depth (i) i Type
136,162 12 m 575848.83 m April 1956 202722 m 204 Cabig Tool

Casing Inlormation:

Outer inside
Diameter Diamster Thickmess Tep  Botiom

Casing Type Stickup (i) fin} fin} {in} i (it}

Welded steel +2 20 6 58 G 5/16 +2.20 233

Welded steck 1 8 unkagwe TR ROWL 289
The logging cngincer measured the casing stickup using a stocl tape. A caliper was used lo determing (he
outside casing diamctor. The catiper and inside casing diameter were measuried using a stocl tape.
Measurements wese rounded te the pearest 1/16 in. Casing thickness was calculated. There is no evidence
of &-in. casing at the ground surface as reported in Ledoerwood (1993).

Borehole Notes:

Borehole coondimmtes, elevation, and well construction information are from measnremenis by Stoller field
personnel, HWIS?, ang Ledserwood {1993). Zero reference is the top of the 6-in, casing.

Logging Fauipment Information;

ing Syst Ciarmna 1 1 Type: 35% HPGa (34TP1D8987A)
Catibration Date: 0172004 Calibration Reference:  GJO20D4-587-TAC
1 ‘ooging Procedure: MAC-HGLE 165 Rev. 0

Speetral Ganema Logeing System (SGLS) Log Ron Informalion:

| Log Run i 2 T3 4 f Repeat

{ Date 4/05/03 AI0503 410500 4/05/03
Logging Engineer Spatz ' Spatz Spatz Spatz
Start Depth (i) 70.0 2650 171.0 35.0
‘Finish Deplh (/1) 3.0 1700 62.0 80
Caunt Time {s&c) 200 200 200 200
Live/Reat R R R R
Shiesd (YN} N N ] N M
MESA Interval (ft) 1.0 1.0 10 10
ffmin AT A N/A i N/A
Pre-Yerification ACGOS3ICAB AGOGACAB AGOS5CGAB AGOEECAB

Pagc i
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Log Run 1 2 3 41 Repeat
| Start Elle AGDB3000 AGO54000 AG065000 AGDEBED00

Finigh File AGOB3067 AG054085 AG065102 AGIBE027

PoskVerification AGOBICAA AGLBICAA AGDESCAA AGOBBCAA

Depth Relumn

Error {in,) - A 0 - 0

Comments No fine-gain | Fine-gain 'Fine-gain Repeat

adjustment. | adjustment adjustment settian.
afler files -058 | after files -058
_L and -089. amd -088,

Lepging Operation Notess
Zero reference was top of the 6-in. cusing. Logging was performed without the centralizer on the sonde for

spectral data collected between 2653 and 170 fi. Pre- and post-snrvey verification measurenents for the
SGLS employed the Amersham KUT (¥K, U, and “°Th) verifier with serial mumber 118,

Analysig Notes:

[_Analyst: [ Sobezyk | Date: | 04/16/04 | Reference: | GIO-HGLF 1.6.3, Rev.0 |

SGLS pre-nun and post-run verification spectra were collected at the beginning and end of each day. All of
the post-ran verfication spectra were within the acceptance criteriz. The peak counts per second {cps) at
the 609-keV, 1461-keV, and 26 15-keV pholopesks on the post-ren verification spectra as compared Io the
pre-run verilication specira for cach day wore between 3.4 percent lower and 5.7 percent higher at the end
of the day.

Log speotra for the SGLS were processed in batch mode using APTEC SUPERVISOR to identify
individual crcrgy poaks and deicrmine count rafes. Post-ran verification spectra wore nsed to determine the
encrgy and resoletion calibration for processing the data using APTEC SUPERVISOR. Concentrations
were calenlated in EXCEL {source file: G1Glan(4.x1s), using pararmeters determined from anatysis of
recent calibration dafa, Zero reference was #he top of the 6-in. casing. Based on Ledgerwood (1993), the
casing configuration was assumed lo be a string of 6-in. casing with a thickness of 5/16 in. to 3 log depth of
233 [l and 2 string of 8-in. casing with a thickness of 0.322 fn_ (o tolal logping depih (265 ). The 6-in,
casing (hickuess was measured by the logging engineer. A casing (hicknesss of 0.322 in. was assmned for

the $-in. casing, This thickness is the pubkished valuc for ASTM schedule~40 stecl pipe, a commonly used -

casing material at Hasford. Where more than enc casing cxists at a depth, the cosing conection is additive
(e.£., the correction for both 6-in. and 8- casing would be 0.313 + (.322 = 0.635). A water corection was
ot vequired. )

Log Plot Notes:

Separate log plots arc provided for gross gamma and dead time, naturally occwrring radionuclides (K,
=5, and 2T, and man-made radiomiclides. Plots of the repeat Togs versus the original logs are included.
Inaddition, a couparison log plet of **'Cs s provided to compaze the data collected in 1990 and 1995 by
Westinghouse Hanford Company s Radionuclide Logging System {RLS} with SGLS data. For sach
radonuclide, the enerpy value of the speciral peak vsed for quantilication is indicated, Uniess otherwise
noled, all radiomxdides are plotded in picocuries per grnn (pCi/e). The open circles indicale (he migimm
detectable ievel (MDL) for cach radiomclide, Emor bats on cach plot represoni cror associated with
counting statistics only and do not include crrors associated with the imverse efficiency fonction, dead time
correction, oF casing comection These emrors are discussed in the calibmtion report. A combination plot is
also inclnded to facilitate corelation. The *'Bi peak at 1764 keV was nsed to determine the naturally
oceurring 254 concentrations on The combination plot rather than the 2'Bi peak at 509 keV becauss it
exhibited slightly higher net counts per sacond.

Page 2
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Results and Interpretations:

15 was fhe only mansnade radioanclide detected in ihis boreliole. Cs was detected in two intervals,
%5 was detecied Irom near (he pround surface io a Jog depth of 30 [i. The renge of concenirations was
from the MPL, (0.3 pCifg) to 13.1 pCifg, the maxitnm concenlzlion was measurcd al 26 fL " Cswas
detected at kog dopths between 227 and 247 ft. The range of concentrations was from near the MDL 1o

1.4 pCilg. which was measured a1 233 ft. "Cs was also detected #t 165 and 264 1t at concentrstions scar
the MDL. The weli constection summary (Ledgerwood 1993} shows 64r. casing to 233 ft. with groutto
225 fi. The presence of grout in the annular space between the two casing strings is not accounted for, and
likely contribates to undercstimation of radionuclides above 725 1. Spectral data below 225 ft are believed
to more accnrately represent the contaminated profite.

17,

The concemrations of the KUT and man-inade mdioructides above 225 § are under estimated doe to
ellects of groul The total gmrma increases by 50 ¢ps, K increases by Spﬁfgammrhinmemsby
0.3 pCilg ai 85 £, The iotal gamma decrzases by 40 cps and ¥K decreases by 5 pCiig ot 180 11,

The plats of the ropeat logs demonstrate reaspnsble rgpesmbﬂn} of the SGLS dats for the wateral
radionnclides (605, 1461, 1764, and 2614 keV) apd ¥ Cs,

Giross gamm lops from Additon et al, (1977) (attached) indicate that the sediments suronrnding this ‘
borehole contained significant amounts of inan-made gamma radiation feom 1958 fhwough af teast 1976,
The logs from 1958 and 1959 indicate high levels of gamma-emitting comzminaticn at or near
groundwater, The logs from 2/19/58 and 6/1/59 appear to detect relatively high gamma activity inthe
mitervals fom 6 N (2 m) o 131 01 (40 m), 187 A (57 m) {o 197 11 (60 m). and below 233 [ (71 m). The log
from 3/14463 appeass 1o detect relatively ligh pamimna sctivily in the interval frow 10 6 G m) o 13110
{40 m). The log from 2/20/76 appears o deicet relaively high gamema activity in the interval from 10 fit

{3 m) to 26 fi (8 n1). Comparison of these gross gamim logs indicaies that a conturmnation cvent occuped
prioT 1958, which was followed by another evert aftcr 1959 and before 1963. The SGLS detected " Cs in
only two of the intervals (3 to 30 fi and 327 to 347 fi). which had elevated garmma in the ate 1950s. Man-
made radiomelides were not detected in the interval from 187 1o 197 fiwith the SGLS.

A comparison log plot of ''Cs data collected in 1990 and 1995 by Westinghouse Hanlord Company
(WHC) and in 2004 By Stoller is included. The WHC concentration data for Bitie ane decayed to the daje of
the SGLS logging event in Apeil 2004. No data wese collected below 120 0 in 1he 1990 RLS log n. The
SGLS and 1990 RLS Jog appedr to use a shighlly different deplh reference. Because both the 1990 and 1995
dmz ars comectod for only ong stoing of casing (033 in. and 6.26 in., respectively), the **Cs coneentrations
bascd on the SGLS data were recalcvizicd for this comparison using a casing thicksess of 0.26 !
Asmmying a thimmer casm%ymlds laves concentration vatecs. Taking into accoum the differcnces m depih
registration, the modified (s concentrations show good agreement between e logging systems. Since
1990, ¥ activities have decreased as predicted by radioactive decay.

Refereimces;

Additon, MK, KR, Fecht, T.1.. Jones, and G.V. Last. 1578, Scintifiation Probe Profiles From 200 last
Area Crib Monitoring Wells, RHOQ-LD-28, Rockwel Hanford Operations, Richiand, Washington.

Lodgerwood, R X, 1993, Sunmaries of Well Construciion Data and Field Observations for Exisiing 200-
Eust Resource Protection Wells, WHC-3D-ER-TI-007, Rev. G, Westinghouse Hamfond Compary,
Richiand, Washington.
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¥ GWL - gronnderater icvel

2 TOC - top of casing

* HWIS — Hanford Well Information System
* N/A - not applicable
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299-E25-4 (A4788)

(3e09y) ydeg

2 2 2 & & 8 2 m 3 g 2 m 2 & s a8 =
- - - - - N o~ 3] o~ o o ~N o ® ™o
TJ TN BN VN L RN N0 L T R N M-
= | | I | | I | i i _ | | _ i | =
- I | | _ | | | I | I | I _ | i -
i A O
”_nlul I [ | | | | | | | | | | [ i | E
= I | i _ | i i I I I , L i I | %
L e e e e e B e R (R niescnes | s M e |~ (=
s
=£ ! | + ! 1 1 1 1 “ _ ,ﬁ 2 =
= | I | | I | | i I | I aA I | —
O i ! _ _ _ _ , _ _ _ &= _ :
- I i , i I | | i I i | " i i ]
° i | , | | | | i | [ _ 00 _ [
& I B, [ EE O b B e
e = T T T T T G i T | =) = R
= I _ I | i _ | | i _ . | i =
®- i I i i I i I I , [ I i |
B retnf i i , ot | et IR
' a- %p ol 86,0000, =) o0 0y _d%a0a®®
SETIT eI e L
a
2000 °
NSNS NP (WSt Y (| —— .t b g | Mios) o8 DN I (N0 IS R FEV SR .
LE i 1 T , _ w ] [ “ F [ _ ] | ==
/- A S A A O D D D R e S R S -
= | | | | I | =)
Mn | i _ , _ | i | I i I | I I I .
| I | | [ | | | i i I | I i |
- | i i , [ | i i i I I | i | i |
| | _ , _ | i | i I I | I | I
| | | | | | | | | | | | | ] | | | | | | | | | | 1 | | | | | 1 m
T T | ] T T T T T T T T =4
a 2 2 2 & 8 = 8 2 g 2 ) = 2 & 8 2
- - — = = & [ & & N o & o & & £ ©
(193y) ydaqg

pCilg

Date of Last Logging Run
4/08/2004

Zero Reference = Top of Casing

C-8



““Th (2614 keV)

U

WMP-27020 REV 0
299-E25-4 (A4788)
Natural Gamma Logs
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299-E25-4 (A4788) Combination Plot
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299-E25-4 (A4788) Combination Plot
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299-E25-4 (A4788)
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PSR

Hlantad (e : DOE-EM/GI655-2004
© 299-E25-5 {A6025)
Log Data Report
Bovehiole Inferniation:
Borehole: 209-E255 (AS025 T Site: 216A8 Chb_. ‘
Coordinates (WA Stale Plane) Gw_l_ i)' 262.35 GWL %z A2F2004
North East Drill Date [ TOC” Elevation ! Totzl Depth (&} I Type
136.184.84 m 575,618.24 m May 1956 202.231m 293 Cable Too!-
Casing Information:
Outer Inside '
Diameter Diameiler Thickness Top Bottom
Casing Type Stickup (i} fin} (i} {in.} {8y o
Welded sieel +2.05 6 5/8 6 1% 1/4 +2.03 230
Welded stecl 1] 8 wikrown unkaown 293

The logging cogineer measured the casing stickup vsing a steel tape. A caliper was used fo dotormine the
owtsicle casing diameter. The caliper and inside casing disoneter were measnred using » steel taps.
Measuremenis were ronnded o the nearest 1/16 in. Casing thickness was calenlated, There is no e-ﬂ&mce
of 8-in. casing at the ground surface as reported in Ledzerwood (1993)

Borehole Notes;

Borehole coordinates, elevation, and well construction information are from measurements by Stoller field
personmel, HWIS®, and Ledgerwood (1993). Zero meferesice is the top of the 6-in. casing,

Lopging Fqnipment Information:

| Legging System: Gamma 1G i Type: 35% HPGe (34TC100BTA)
Calibration Date: 0172004 Calibration Reference; GJO-2004-597-TAC
| logging Procedure:  WMACHGLP 1.55 Rev 0
ing Systam: Gamma 1C i Type: High Rate Detector (39A314)
Caiibration Date: D2/07/02 __Calibration Reference:  GJO-2003428-TAC

| _ Logping Procedure: MACHGLP 1.8.5, Rev. 0

Spectral Gamma [egging System {(SGLS) Loz Run Informagion:

Log Run 1 2 3 4 5
Date 4712704 412104 AMZ2/04 414404 4115504
Legging Engineer Spatz Spatz Spatz Spatz Spatz
Start Depth (8) ) 320 210 210 1640
Finish Depth (#} 380 241.0 20 1630 98.0
Count Time {sec) 200 20 200 200 200
Live/Real R R R R R
Page |
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Log Run 1 2 3 4 5
Shield (Y/N) N N N N N
MSA Interval {ft) 10 1.8 1.0 1.0 1.0
fmin ' AT N/A NIA NA NA
Pre-Verification AGDETCAB AGOBTCAR AGORTCAR AGOBBCAB AGOSBCAB
Start File AGDBTO00 AGGE7065 AGOSTOTY AGDGBOGD AG0BI000
Finish File AGDL7064 AGOE7076 AGQE7086 AGDE8093 AGOEI0s8
Post-Verification AGOSTCAA AGDETCAA ABOGFCAA AGOGECAA AGOBACAA
Lepth Retum . :
Error (in) NA A +1 -1 A
Gomments No fine-gain | High rate zone. { No finegain o fine-gain No fine-gain
adjusiment. | Dead time adjustment. adjustment. adjustrnent.
J - | »40%. Court :
{ime ¢hange.
Log Run 8 I Repeat
Date 4115104
Logging Engineer Spatz
Start Depth (#) 78.0
Finish Depth (ft) 52.0
Count Time {sec) 200
Live/Red R
Shield (YN} NFA
MSA Intervel (ff) 1.0
ftfmin N/A
Pre-Verification AGOGHTAB
Start File AGDEI06S
Finish File AGDBI095
Post-Verification AGOSBCAA
Depth Retum 1
Error {in.) -
Comments Repeat
secfioh. -
High Rate Logging System (HRILS) Log Run Information:
Run 1 2 3 47 Repeat
Date 4116104 4116/04 4/16/04 4M504
Logging . ; '
Enginser Spatz Spatz Spatz Spaiz
Start Depth {it) 34.0 29.0 22.0 26.0
Finish Depth (&) 20.0 23.0 21.0 23.0
Count Time
sec) 300 100 300 100
Live/Real R R R R
Shield {Y/N) -_hone none nene none
iy tervel 10 10 10 10
frmin NiA NIA N/A N/A
Pre-Verification ACOBBCAR ACDOBCAR ACDOBCAB ACOOBCAB
Start File ACO8000 AC088005 ACDO8T2 AC088014
Finish File ACD98004 AC098011 AC098013 AC098016
Post- .
Verification ACDDBCAA ACO9BCAA ACDIBCAA ACDSBCAA
Depth Retum
Errar {in) NIA N/A N/A D

Page 2
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Leg Run. 1 2 3 4/ Repeat
Comments | No fine-gain Mene Mone Repeat
adiustrent section.
Logging Operation Notes:

Zero reference was top of th 6-in. casing. Logging was performed without the centrslizer on the sonde for
spectral data collected between 261 and 163 ft, Pre- and post-survey verification measurersents for the
SGLS erployed (he Amersham KT (¥K, U, and “Th) verifier with serial number 113. ERLS dala
were callected vsing Ganuna 1C. Pre- and posl-survey verilication measoremenis emploved (he ¥y
verificr with sexal mumber 1013, ’

Analygis Netes:.

[ Anolyst | Sobezyk | Date: | 04/21/04 | Reference: | GJO-HGIP 1.6.3,Rev.0 |

SGLS pre-mm and post-mn verification specira were collected a1 the beginning and end of cach day. Al of
the posi-run verification spectra were within the acceptance criteria. The peak connts per second {cps) &
the 699-keV, 1467-keV, and 26135-keV photopeaks o1 the post-tn verification spectra as compared to the
pre-run verification spectra for each day were between 3.4 percent lower and 4.7 percent higher at the end
of the day.

HRLS pre-Tun and post-nim verification spectra were callecied at the beginning and end of the day. The
specte: worc within the acoepiance crilezia for the ficld verificaiion of the Gamma 1C logging systom
(HRLS).

Lag spectra wore processed in batch mede nsing APTEC SUPER VISCR. to identify individual cncrgy
peaks and determine connt rates. Post-ma verification specita were used to determine the energy and
resolation calibration for processing the date wsing APTEC SHPERVISOR. Concentrations were calcelated
in EXCEL {source files: G1Gland4 xls [SGLS| and G1CAp03 xls jHRLS ), using parameters defermined
from analysis of recent calibration data. Zeto reference was ihe top of the 6-in. casing. Based on
Ledgerwood (1993), (ke casing configuration was assumed (0 e a string of 6-in, casing with a thickness ol
1/4 in_io alog depth of 232 1 and a siring oF B-ir:. casing with a thickness of 0.322 tn. {o lolal logging
depth (261 £i). The Iogping crgincer measered the 6-in casing thickacess. A casing thickness of 0.322 in
was assumed for the 8-in. casing. This thickness is the prblished value for ASTM schedule-40 steel pipe, a
commanly nsed casing meterial 2t Hanford. Where mwore than one casing exisis at a depth, the casing
cogrecrion is additive {e.g., the correction for both 6-in. and 8-in. ¢asing wonld be 0.25 +(.322 = 0572) A
water correction was ot required. :

Using the SGLS. dead time greater than 40 percent wese encountered in the inferval from 22 t0 33 &, and
datz from this region were considered narelisble. At SGLS dead time greater than 49 percent, peak
spreading and puise pile-up effects may resuli in mderestination of activities. This effect is not entirely
correcied by the dead fFme correction, and the exlent of ervor increases with increasing dead time. SGL.S
dead time comrections v applicd when dead Ginc is greater than 10 pereent. The HRLS was utilized to
obtain (duta where the SGLS dead time cxeeeded 46 porcent. ’

Log Plot Noies:

Separate ing plots are provided for gross gummma and dead time, nzmmlly ocoortng radiomclides (Y

780, and **Th). and man-made radiomclides. Plots of the zepeat logs versus the original logs are inchuded.
in addition, a comparison log plet of **'Cs is provided to compare the data coliected in 1990 and 1993 by
Westinghounse Hanford Company’s Radiomiclide Logging System (RLS} with SGLS data. For each
radiomclide, the energy value of the spectral peak used for guantification: is indicated, Unless otherwise
noled, a1l radionaclides are plotisd in picocuties per gram {pCi/g). The open circles indicate the mumimm:
detoctabic level (MDL) for cach radiomeclide. Error bars on cack plot sepresent crror associsted with

Page 3
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counting statistics only and do not include erors associated with (e inverse efficiency function, dead Lixe
correction, of Gasing correction. These crrors arc discnssed in (he calibmtion report, A combination plot is
also inchsded to facilitate conclation. The *'Bi peak at 1764 ke'V was nsed i determing the naturally

cccaming “*J concestrations,

Resuits and Inferpretations:

¥ s was (he only mar-made radionuclide detected in (s borchole, *¥Cs was deteeted in three intervals,
¥ was detected from near the ground surface to a Jog depth of 6 i The range of concontrations was
from the MDL (0.3 pCif) to 12.8 pCifg. ¥ Cx was detected at log depths between 26 and 53 fi. The range
of concentrations was from 0.4 to 30,800 pCi/g, which was measured at 25 ft. "Cs was detected 2t log
depths between 232 and 239 ft. The range of concentrations was from near the MDL to 0.8 pCi/g, which
was measured at 232 . "°Cs was also detected at 207 and 221 f at concenirations near the MDL. The
well consiruction summmary (Ledgerwood 1993) reporied 6-in. casing to 232 fi, with groul to 232 A The
presence of groul in the anmlar space belween 1he two casing sirings is Bol accounied for, and likely
contribules ip uadercstimation of Tadionyclides above 232 fi. Spectral data below 232 11 are believed fo
more accuralely represent (he conlaminated profile.

The concemrations of the KUT and man-nmide madiomichides sbove 232 fi are under cstimated duc to
cffects of grout.

The behavior of the 22U log suggests that radon ray be present inside the borehole casing. Determination
of ¥4 is based on measurcment of garmma activity al 6% and/or 1764 ke associnied with 2/Bi, under the
assumption of seciilar rinm in the decay chain. However, 2Bi is also a sho rt-term daughter of “*Rn,
‘Wien radon is presen), *Bi will tend 1o “plale” onto he casing wall and will quickly reach equilibrium
with ““Rn. Bocausc the additional **Bi resulfing (rom radon is on the inside of (b casing, the clfect of the
tcasing concction is to amplify the 609 phetopeak clative to the 1764 photopeak, {The magnitude of the
casing concetion factor docreases with increasing cpergy, but gumma 1ays orginsting inside the casing are .
not atteruiated.) This effoct is observed on 4/12/04 (97 to 2 £t). The cffects of radon sppear to be minimal in
Iog nms 5 (164 w0 96 ft) and 6 (78 1o 52 f1). The rcason for variations in radon content between log mins on
suceessive days is net known, Variations in radon content in boreholes are probably rclated to varations in
surface weather conditions. Radon danghiers such as *“Bi may also “plaie” anto the sonde itself. When this
oocu_'lls,%there is a gradual increase in total count's as well as photopeak counts associated with B

and <"Pb.

The presence of radon is not an indication of pmn-made conlamination: it is derived from decay of
naturafly occurming uranivm. As a gas, mdon moves casily in the subsurface, and concentrations of radon
and its associated progeny can change quickly, [

The plots of the repeat Jogs demonstrate rasonable repeatability of the SGLS datn for the satursl
Tadiosinclides (1461, 1764, and 2614 ke'V), and *¥'Cs for both the SGLS and HRLS.

Gross gamma logs from Additon et al. (1977) (attached) indicaks that the sediments surrounding this
berehole contained significant amouts of man-made pgamma tadiation front 1938 through at teast 1976,
The logs [rom 1938, 1959, and 1963 indicate gamma-emitling contamination al or near groundwater. The
log from 2/19/58 appears 1o delecl rlatively high gama aciivily in the Intervals from 13 fi (4 @) io lolal
depih. The log froan 5/14/63 appears 1o deiect relatively high gamma activity in the interval from 16 [

(5 m} to 128 fi (39 m). The log from 4/30/76 appears to deiect relatively high gamms sctivity in the intorval
fromm 16 ft (5 m) to 39 fi (12 m). Comparison of these gross gamima logs indicates that a contamination
event ocoured prior 1o 1958. The SGLS detected " Cs in only two intervals (20 to 53 fi and 232 o 239 £,
while the entire kenpth of the borehole below 16 fi had elevated gamma in the late 1950s.

A comparison log plat of "'Cs data collected in 1990 and 1995 by Westinghouse Hanford Company
(WHC) and in 2004 by Stoller is inctuded. The WHC concentration data for *'Cs arg decaved fo the date of
the SGLS logging evert in April 2004, Becavse both the 1990 and 1995 data corrected for only one siring
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of casing (0.33 in. and .76 in,, respectively), the '*'Cs concentrations based on (he SGLS daia were
recaloulated for this comparison using a sasing thickness of 033 in. The apparent '™ Cs concentrations
show pood agreement bereecn the logging systems above 230 ft. Since 1990, ¥ Cs activities have
decreased as predicted by mdioactive decay in fhie interval above 230 fi. Daia suggest an ineursion of 'Cs
berween 1990 and 1995 i the interval from 230 to 260 fi. )

References:

Additon, M X, K.R. Fecht, T.L. fones, and G.V. Last, 1978, Scimiflation Probe Profiles From 200 Fast
Area Crib Monitoring Wells, RHO-LD-28, Rockwell Hanford Operations, Richland, Washingion.

Ledgerwood. RK., 1993, Summm-ies)oj Fell Construclion Doia and Field Observations for Existing 200-
East Resource Protection Wells, WHC-SD-ER-TI-007, Ry, 0, Westinghouse Hanford Company,
Richland Washington.

1 GWL — groundvrater level

*TOC — top of casing

3 HW1S - Hanford Weil Information System
" N/A.~ pol applicable
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Natural Gamma Logs
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299-E25-5 (A6025) Combination Plot
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299-E25-5 (A6025)
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Total Gamma & Dead Time
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299-E25-5 (A6025)
RLS Data Compared to SGLS & HRLS Data
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299-E25-5 (A6025)
RLS Data Compared to SGLS & HRLS Data
Cs-137 Decayed to 4/16/2004
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Rerun of Natural Gamma Logs (78.0 to 52.0 ft)

(e}
by =
o Q

[= 8
O
z
m v
¢ 2
~
= -3
U; =l
& ds

w ©
o~
o
e =2
@ (&)
te
@ i = s
= + T ! = q
m | [ I ] L | 1 + 4+ I
1 | | 1 1 1 | 1 | { (T [ | | | | | | | | 1 | W
0 TR N Y i [y "o | G S| | e | TR 'Aal VRN ‘i e AN i G | R N’ T i
= AR N 1 A O A A I O I O O I R A O O
| : i T
.m_l_ T & + | i 1 + T 1 ./&
oF ; 17 I e (B SN e SR 2L B SE S e e S
1&/4 1 | T 4 & H ﬂ/zh- L5 @ 8 9 0 0
e + 4k Gl % 7T W B | IR I A S (R T
=4 (R AR (R N | R (I | RS Y| S N RN R (N | |
= T T O T R S A A N L A T |
| (I N . S (T WA S e | (I SR [N S, | M
T 1 T 1 1 T T T 1 1 ]
¥ 3 8 8 3 3 3 o Beg® ° M ® B E
188)) yideqg

10

pCi/g




Depth (feet)

WMP-27020 REV 0

299-E25-5 (A6025)

Rerun of "*'Cs

137
Cs (SGLS)
_____ e,
|
B 54
|
_________ —
|
56 4-——————— i 56
|
_________ P
|
58 1———————— - ———————— 58
|
_________ L
|
O EEEEE P — 60
|
_________ | R —
|
02 t———————— b 62
|
_________ ’_________.
|
84 ————————— (A 64
|
_________ R
|
R k ———————— 86
|
_________ ettt
68 |————————— e 68
|
_________ oy
70 ———— e 70
|
_________ e
72 4 — S 72
|
————————— (EPE SRS e
|
;T S —— e 74
|
_________ ke oia il
|
y .  (R— L 78
|
_________ :——_—._—-_—-—
78 [ R R R ) o O 5 78
01 1 10
pCi/g

137
23 Cs (HR 23
|
|
I
i
i
|
,,,,,,,,, I P—

i
|
i
i
|
|
Y1 ISR (T R
|
|
i
i
i
i
|
fffffffff | M —
|
|
i
|
|
- Lt il g
100 106 109
pCifg

C-40

—s— Original Log Run
—— Repeal Log Run

Depth (feet)



WMP-27020 REV 0

Plantad D1t DOE-EM/GJT07-2004
299-K25-6 (A4796)
Log Data Repert
Borzhole Infermation:
Borehole: T90-L35-6 [A4TO0 T Ste:  216-A.B Crb
Coordinates (WA State Pia:le) GWL (). 2597 . GVEL Dates__D7/07/2004
North East Drill Date | 10GC” Elevafion i Total Depth (ft] E . Type
136,163.971m  575,683.761m | Aprl1956 202,603 m 200 Cable Tool

Casing information:

Outer inside
Diameter Diameter  Thicknass Top Bottom
Casing Type Stickup {f) {in.) fin} {in_} {ft} (ft)
Welded steel +21.4 6 5% 61/8 1/4 +2.40 229
Welded steel Q0 8 uzkrown uzknown 200

Tke logging cogincer used a caliper to determine fhe oniside casing diameter. The caliper and casing
stickup were both measured vsing a steel tape. Inside casing diameter was measnred with a steel tape.
All measmrements were rounded to the neavest 1/16 in. Botton is reported from Hanford Wells
(Chasnness and Merz 1993). The 8-in. casing was not observed at the ground surface.

Borehole Notes:

Borshele coondinates, elevation, and well construction information are ffom measmements by Stolier field
personnel, HWIS®, and Ledgerwood (1993). Zero reference is the top of the 6-in. casing. Before logging
began, Duratek well services removed 2 pump and rods from the horehole.

Logging Equipment Information:

ing System: . Gamma 24 | Type: 35% HPGe (34TP208034A)
Calibration Date: 0372004 GCalibration Reference:  DOE-EMAGJ542-2004 .

1 Logging Procedure:  MAC-HGLP 1.65, Rev. 0

Spectral Ganuma Logging Systew (SGILS) Log Ruz infermation:

Log Hur t 2 3 4 5! Repeat
Date 07/01/04 07/068/04 07707/04 07/08/04 07/8/04
Logging Engineer Spatz Spatz Spetz Spatz Spatz -
Start Depth (7t} 28.0 800 2830 156.0 78.0
Fintsh Depth () 3.4 25.0 156.0 78.0 520
Count Time {sec) 200 200 200 200 200
Live/Real [ R [ R R
Shield (YN} NAT N/ N/A /A, N/A
MSA Interval () 1.0 10 - 1.0 1.0 1.0
Wimin NFA NIA A NA MIA
Pra-Verification BA3SSCAB BA3BOCAB BA361CAB BA3G2CAB BA3IG2CAB
Page 1
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Run 1 2 3 4 5 { Repeat

Start File BA359000 BAJB0000 BA361000 BAIEZ000 BA362078
Finish File- BA358023 BA3G0055 BA361108 BA3B207T BA362184
Post-Verification BA3S9CAA BA3BOGAA BA3B1CAA BA3G2CAA BAJIB2CAA
Depth Retum .
Errer {in.) .0 a + 12 NA 0
Comments Before Mo fine gain Fihe gain Fine gain Fine gain
lotging adjustment adjustment adjustment adjustment
began a made. made after made after made after file
fine gain files 013, files -2, 081,
adjustment -053, and -098, { -D42, -057,
was made. and -063.

Logging Operation Notes:
Zero reference was top of the 6-in casing. Logging was performed without the centralizer on she sonde for

- spectral data collected between 26% and 153 ft. Pre- and post-survey verification measurements for the
SGLS employed the Amersham KUT (K, 21, and **Th) verifier with serial onmber 082,

Analysis Notes:

[ Analyst: | McCain__ | Date: | 08/37/04 | Reference: | GJO-HGLP 163, Rev.0 |

SGLS pre-nm and posl-run verification spectta were collected al the beginning and end of each day. Net
coum rales for {he 609-keV and 1461-keV gamma lnes were within venlication criteria, but et count xales
for the 2614-ke'V garma line were below the aceepiance criteria in 4 of 8 verification spectra. All sults
were within the HASQARD 20% hmits. Peak width (fwhun) values tended to be above the verification
criteria, particularly for the 2614-keV gamma line. Examination of the individual spectra indicated the
sysiet appears o be functioning nowmally, and the spectra arc provisionally accepted.

Log specira for the SGLS were processed in batch mode using APTEC SUPERVISOR to identify
individual energy peaks and determine count rates. Pre-ron verification spectra were used to determine the
encrgy and resolution calibration for processing the data using APTEC SUPERVISOR. Concentrations
were calcnlated in EXCEL (somrce file: G2AMarG4.x15), using parameters determined from analysis ol
recenl calibration dala, Zem relerence was G lop of the 6-in. casing. The casing confipuralion was
assamed o consis! of an 8-inch casing from (ke grownd serface to 290 [, with a 6-inch casing inside (he 8-
inch casing to a dopthof 229 fi, Casing thickness vahcs azc published valucs for ASTM schedule—40 strel |
pipc. A fotal casing thickness of 0.602 in. (0.280 + .322) was uscd from the gronnd smiface to 229 fi, and
0.322 was used from 229 & to 200 ft. The maximuin log depth was 263 fi The well construction and
completion sammry indicates the 8-inch casing was perforated from € to 5 ft and 20 to 224 fi and that the
annular space between the Geinch casing and 8-inch casing was filled with cement grout. No correction was
applied for the grout, and it is likely that concentration vatues are slightly underestimated above 224 fi.

Log Plot Notes:

Separaic log plots are provided for gross ganma and dead time, nalurally pecuming radiomiclides (K.
813, and P°Th), and man-made radiomclides. Plots of the repeat logs versos the original logs are inchded.
For each radiomuclide, (he energy value of the spectral peak used for quantilication is indicated. Unless
otherwise noted, all radionuclides are plotted in picocurics per graw (pCi/g). The open circles indicalc the
minimmm detectable Ievel (MDL) for each radiongctide, Exror bars on cach plot repnesent crror associztcd
with copnting sutistics only and do not incladc crors essocited with the inverse cfficiency fanction, dead
time correction, oF casing correction. These errors are discussed i the calibration report. A combination
plot is also included 1o facilitare correlation, The *Bi peak at 1764 ke'V was vsad to determine the )
naturally occurting 251 concentrations on the combiration plot rather than the 7'Bi peak at 604 keV
because il exidbiled slightly higher nel counis per second.

Page 2
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Reselts and Imterpretations:

s weas the only man-inade radionuclide detected in thisborehote. '*Cs was detecled in thee fnfervals:
(1) between 9- and 11-0 depih, with 2 maxitaum conceniration of 9.8 pCivs; (2)between 22 and 73 £, with
a masineim conceniration of 50 pCig at 25 to 30 I, gradually decreasing to fhe MDL of about 8.25 (o 039
pCifg at 73 £i; and (3) between 227 and 234 ft, with a medmim concentration of 3.2 pCifg. W05 was also
detected sporadically at o1 nesr the MDL (0.3 pCifg) at 138 i, 222 £ and 243 10 250 £

The plots of 1he repeat lpgs demonstzate reasonable repeatability of the SGLS data for the nataral =
madionuclides (609, 1461, 1764, and 2614 keV) and '*'Cs,

Plots comparing RLS data from Argost 1990 10 SGLS dat are also provided. The RLS " Cs valoes have
been comected o account for differences in casing thickness assumiptions and decaved to July 2004 The
correctad 199G values are significantly lower (hem the 2004 values. However, both log curves refiect a
sirvilar comtausnanl profile, The apparent discrepancy in 7' Cs valnes is most Ikely due fo dilferences in
systern calibration assumptions,

Gross gamma logs digitized from Additon et al. {1977) ate also shown. These logs were converted to
comatts per second versns depih in feet for better comparison with RLS and SGLS data. Ascarly a5 1958, 2
zone of high gamma activity is cbserved from approximately 13- to 60-ft depth. Within this interval, the
deiector appears 1o be saturated. The 1958 and 1959 logs show abrapt increases in gamma activily at the
bottom of fhe logged interval at 230 10 2390 ft. This may indicate contamination at or near groundwater
level. By 1963, the interval of detector saturation extends fo about 105 ft. Gamma activity Jevels have
increased significanily between 105 and 135 £, aud there appears 1o be an abmup! decrease at 135 i,
suggesiing additional contaminalion evenls andfor downward contzamminant wigration between 1959 and
1963. The 1968 and 1976 logs show significantly lower gamraa activity lovels ang generally woflcet the
profilc of the 1990 RAS and 2004 SGLS logs. Below 40- o 60+t depth, the domsinems contanzinam may
texve been a radicmctide with a relatively short hatf life, snch as ™Ru

The 1976 Tog shows significantly greater gamma activity between approximately 20 to 75 f. This may
indigat: an additional contamination: event between 1468 and 1976.

The SGLS °Cs Jog indicates contaminant migration to a depth of 74 f&. The historical data suggest
contamimazts from Me 216-A-8 Crib reached at least 135l depth. |

The SGLS log also detested °Cs betwoen 227 and 234 §1, with a maximum concoslration of about

3.2 pCifg at 229 ft. Tracos of ''Cs were also detected Informiticrsly between 243 and 251 £t The sonxct of
this contamination is not known,. Other bercholcs i the vicinity also cxhibit similar coptantination profiles
at approximately the same clevation. This contamination may bave been deposited on the casing from
gronsdveater coidaminant phumes in the past when groundwater levels were higher.

References:

Additon, MK, KR, Fecht, T.L, Jones, and GV, Last, 1978, Scimiiflstion Probe Profiles From 200 Fast
Area Crib Montioring Wells, REGLD-28, Rockwell Hamford Operations, Richland, Washingion.

Chamness, M.A.. and IX_ Motz 1993. Iianford Wells, PNL-8800, Pacific Noriwest Laboralory.
Richlomd, Washinglon.

Ledgerwood, RK., 1993, Summaries of Well Constryction Data and Field Chservations for Existing 200-
Fast Resource Prozection Wells, WHC-SD-ER-TIHX)7, Rev, (), Westinghouse Hanford Company,
Richland Washingion.
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' GWL — grommdwaiey Jevel
2 TOC - top of casing

> HWIS - Hanford Well Information System
* NfA — not applicable

Page 4
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299-E25-6 (A4796)
Man-Made Radionuclides
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299-E25-6 (A4796)
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299-E25-6 (A4796) Combination Plot
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299-E25-6 (A4796) Combination Plot
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299-E25-6 (A4796)
Total Gamma & Dead Time

Total Gamma
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299-E25-6 (A4796)
Rerun of Natural Gamma Logs (52.0 to 78.0 ft)
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299-E25-6 (A4796)
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299-E25-6 (A4796)
Man-Made Radionuclide Concentrations

" ¥ Cs (662 keV)
A | Y o L I i N i i i 0 I | i i e
M i
- | | =
| |
| |
| |
20 e -y 5 BESE—
: .
- | | —
| |
: |
40 1T ———————————— i ¢ - smmammasa
|
A : .

[
[
|
. I I
B0 +~———————————— e ————————— A ——————————
& | |
_/‘rls i
= 3 I =
| |
: B T 1
| |
e 80 t+—————— T ]
= | [
2 | |
= a | | E
— | |
| |
| |
100 HA-——————————— e ————— s I
| . 1
A | |
[ | |
| I ]
| I
& | [
| |
TS |'_ ——————————— —‘E —————————————
A | i
- L —®— SGLS Cs-137 (Jul 2004) | |
| —a— RLS Cs-137 (Aug 1990%)
| T
140 +———————————— e s ]
* RLS Data corrected fof casing thickness
I & | cayed to Jul 2004 } i
} |
|
160 | lllllt\‘{ | | I\IIII!\ | ) O )
10 100 10! 102

L 5
PR iy e S0, 10 Zero Reference = Top of 6" casing

C-57



WMP-27020 REV 0

299-E25-6 (A4796)
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299-E25-6 (A4796)

Comparison of Historical and
Current Total Gamma Logs
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Hangond Onbir DOE-EM/GI6S4-2004
299-E25-7 (A6026)
Log Data Repert
Borekole Information:
Borehole: 3SEE257 (A0S _ Site:_ 216-A-8 Crib
Coandinates (WA State Plane) GWL. i)'y 2603 GWL Date: 471672004
North East Drill Date j TOC” Elevation | Total Depth {ft) } Type
136, 197.87 m 575,745.51 m May 1956 202.035 m 280 {>able Taol
Casing Information:
Outer Inside
3 Diameter Diameter  Thickness Top Botlom
Casing Type Stickup {ft} fin.} in} {in} {fi} {ft)
‘Welded steel +2.6 6 5/8 5 1/8 . 1/4 +2.6 2326
Welded stecl 03 8 5/8 unknown noknown +)3 230
The logging cngincer measured the casing stickup using a stoel tape. A caliper was used to determine the
omside casing diameter, The caliper and inside casing diameter were measuzed nsing a steel tape.
Measumements were ronnded 1o the nearest 1416 in. Casing thickness was caleulated. The $-in. casing is

visible at the pround surface. Grout surmounds the casing and s in the annafns.

Borehole Notes:

Borrehole coordinates, elevation, and well construction information are from measuremests by Sioller field
personnel, HWIS®. and Ledgerwood (1993). Zero reference is the top of the 6-in. casing. .

Logring Equipment Information;
i Typoe: 35% HPGe (34TP10D67A)

1 Logging System: Gamma 16
i Calilration Date: 01,2004 Calibraticn Reference: GJ0O-2004-507-TAC
1. Logging Precedure:  MAC-HGLF 1.6.5, Rev. 0

Spertral Gamma Logging System {SGLS) Loz Run Informagion:

Log Run k| 2 3 4 S/ Repeat
Date: 4/16/463 4118103 4720103 22103 4721003
Logging Engineer Spaiz Spatz Spatz Spaiz Spatz
Stan Depth (it} 20.0 259.0 1620 50.0 36.0
Finisk Depth (ft} 33 181.0 500 18.0 19.0
Count Time [sec) 200 ‘ 200 200 200 200
Live/Real R R R R R
Shiekl (YN} N N N N N
MSA Interval {1} 1.0 1.0 3.0 i.0 1.0
fv/min NAT HNIA NIA WA MIA
Pre-Veriication AGOTOCAB AGOTICAB AGO72CAR AGO73CAB AGOT3CAB
Start File ACOTOOGG AGDT10C0 AGO72000 AGD73000 AGD73042

Pape 1
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Log Run 1 Z 3 4 5/ Repedt

Finish File AGO70017 AGD7 1098 AGDT2143 AGOT3041 AGO73058

Post-Verification AGO7TOCAA AGOTICAA AGOT2CAA AGOTICAA AGO7ICAA

Depth Retum

Error {in.) 2 - -t ] WA -1

Comments No fine-gain | No fine-gain Mo finegain Mo fine-gain Repeat
adiustment. adjustment adiustment. adjustment. section,

Logping Operation Notes:
Zero reference was top of the 6-in. casmp. Logging was performod withont 1he coptraiizer on the sonde for
speciral daia collected on 4/19/2004. Pre- and gg'm vey verification measurements for the SGLS

1} ve

employed the Amersham KUT (®K, 28], and rifier with serial ozmber 11%. Maximam logging
depth achieved was 259.0 f, approximately 1 fi above groundwater.

Analvsis Notes:

i Analyst: [ Sobczyk | Date: [ 04726104 | Reference: | GJO-HGLP 1.6.3, Rev. 0 |

SGLS pre~run and post-nun verification spectra were collecled at the begirming and end of each day. All of
{he posi-nun verification spectra were within (he acceplance crileniz. The peak counts per second {cps) al
the 609-keV, E461keV, and 2615-keV photopeaks on the posi-run verificalion specira as compared 1o the
pre-run venification spoctra for cach day were between 3.5 perceant fower and 6.9 poncent higher at the ond
of the day.

Lag spectra for the SGLS were processed in baich mode using APTEC SUPER VISOR to identify

individual energy peaks and determine count rafes. Verification spectra were used to determine the energy

and resplution calibration for processing the data using APTEC SUPERVISOR. Concentrations were

calcrlated in EXCEL {source file: G1Glan4 x15). using parameters determined from analysis of recent

calibration data. Zero reference was the top of the 6-in. casing. Based on Ledgerwood (1993), the casing

configuration was assumed Lo be a string of 6~ casing with a thickness of 14 in. 1o 2 Jog depih ol 232.6 11 ST
and a siring of 8-in. casing with & thickness of 0.322 in (o (otal logging dopth (259 I1). The 6-in. casing :
thickness was measured by the logging engincer. A casing thickncsss of 8.322 in. was assumed for the $-in.

casing. This thickness is the published vahe for ASTM schodule-40 stesl pipe, a commonly used casing

material at Hanford. Where more than one casing exists at a depth, the casing correction is addiiive {e.g.,

the carrection for both 6-in_and 8-in. casmg wouldbe .25+ (322 =8 5‘:'2) Water and dead time

corrections were nGt required.

Log Flot Notes:

Separa[e log plots are provided for pross ganmma and dead lime, naturally occurring radionuclides (K,

), and mam-made radionuclides. Plots of the repeat Jogs versus {le original logs are incinded.
In addumn a conparison log plol of '*°Cs is provided (o compare (he data collected in 1995 by
Westinghouse Hanford Company *s Radiomclide Logging System (RLS) with SGLS data. For cuch
radionuclide, (e energy value of the spectral peak. used for quanlification is indicated. Unless otherwise
noted, all radiomckides arc ploticd in picocurics per gram (pCifg). The open circies indicate the minimmm
detectable level (MDL) for cach radicmmclide. Exror bars on cach plot represcat omor associated with
courting statistics only and do not include ermrs associaed with the inverse efficiency finction, dead time
correction, or casing correction, These errors are discussed in the calibration report. A combination plot is
also included 1o facilivte corelation. The 'Bi peak at 1764 keV was used to determing the Ratrally
occurring **U concentrations on fhe combination plot,

Page 2
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Resulfs and Inferprefations:

15°C< was {he only man-made mdionuclide deected in this borehole. '¥Cs was defected in three inlervals.
¥Cs was detected from near (B ground suface 1o a log depth of 9 f1. The range of concentralions was
from the MDL (0.2 pCife) 1o 5.7 pCifg. " Cs was detected a3 log depils between 20 and 59 i The range of
concenirations was from 0.3 pCifg to 3.6 pCilg; the maximumn concentration was measured al 25 l. *'Cs
was dciceled at log depths between 225 and 236 Qi The rnge of conconrations was from near the MDL {o
3.2 pCife, which was measurcd 22 228 fi. ™ Cs was also doteoted 2t 209, 245, and 246 fi at concentrations
near the MDL.

The congentrations of the KUT and man-made rmdionuclides above 223 fi are nnder estimated due 1o the
effects of prout. “K cencenttations are relatively low in the interval between 145 and 185 ft. Natoeal 25U
concenirations are elevated by about 1 pCi/g in the inlerval between 246 and 250 .

The behavior of the U log sugpests thal rador may be presend inside fhe borchoke casing, Determinalion
of U is based on measurement of garmma aclivily al 609 and/or 1764 ke'V associated with *Bi, under ke
assumption of scoular cquitibrivm 1o the decay chain. However, 73 is also a shori-torm daughicr of ““Ra,
‘Whon radon is presend, 21"Blmﬂﬁ.cndm“piaic“ onto the casing wall and will quickly reach equitibrigm
with ¥ Ru. Because the additionat ™ *Bi resulting from radox is on the inside of the casing, the effect of the
casing cosrection is to amplify the 609 photopeak relative to the 1764 photopeak. {The magnimde of the
casing correction facior decreases with increasing energy, but gamma rays onigirating inside the casing are
not attermated.) This effect is seen on logging mn 2 (259 10 161 fit). The effects of radon appear o be
minimal i the other log mns. The reason for variations in rdon comtent between log s on suocessive
Gays is mot known. Variations in radon conlent in boreholes are probably related (o vamations in surface
weather conditions. Radon daughtcrs sach as *'Bi may aiso “plais” oaie the somde itsclf, When tirs ocoers,
there is a gradnal increast in tofal coumts as well as photopeak couns associated with 2 “Bi and **Po.

The presence of radon is 0ot an ndication of man-made cortamination: ¥ is derived from decay of
naturally scoaming ueninm. As & gas, aton moves casily fi the sehsurface, andmccnnuuonsofmuun
and its associated progenv can champe quickly.

The piots of the repeat logs demonstrate reasonable rgpezﬂah:lm of the BGLS data for the nataral
radiomclides (600, 1461, 1764, and 2614 keV) and ' Cs,

Gross gamma Togs Fom Additon et 21, {1977) (altached) indicate (hat the sediments syrrounding (his
borchole contained significant amormis of man-made gamma mdistion from 1958 through at lcast 1976,
The logs from 1958, 1959, and 1963 indicate gamma-cmitting comamination at or acar groundwater. The
logs fiom 2/19/58, 6/1/59, and 5714/63 appear to detect relatively high gamma activiry in the imerval from
16t ¢5 m) to 131 £ (4€ ). The logs from 472568 snd 473076 appoar te deicct clevited gamma activity
neaf the surfice and i the iterval from 19 1t (6 1) 1© 43 £ {13 m). Compearison of thess gross gamme: logs
indicates that a major contamination event cconrred prior 1958, The SGLS detected ' Cs in all of the
contaminated intervals, which hed elevated gamma in the late 1930s,

A comparison Jog piot of "Cs Gata collected in 1993 by Westlinpghouse Hanlor Company (WHC) and in
2604 by Stoller is inclnded. The WHC concentration data for ¥Cs are decayed to the date of e SGLS
logging cvend in April 2004, These is 2 1990 RLS log run 1o a dopth of 103 fi: howeve, linle ¥ Cs was
reported in the imterval between the surface and 59 #. Thes logging rim is described as a “systom shake
down test”. The reporied results from the 1990 log mm are considered unrelisble becaise the toof was not
calibrzted mnril a year afier the fog nmn. Them may beadz;thgmmondmcmpmm berween the 1993
and 2604 tog rns below 200 fi. Taking into account the differences in depth registration, the apparsnt "Cs
concemrations show good agreement berween the logging systems. Since 1993, *'Cs activities hove
probably decreased as predicied by mdioactive decay.

Page 3
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References:

Additon. MX.. K R. Fechi, TL. Jones, and G.V. Lasi, 1978. Sciniillation Probe Profiies From 200 Eost
Area Crib Montitoring Wells, RHO-L-28, Rockwell Hanford Operations, Richland, Washington,

Ledgerwood, RK._, 1993, Summaries of Weli Construction Data and Field Observations for Existing 200-
East Resource Protection Wells, WHC-SD-ER-TI-007, Rev. 0, Westinghonse Hanfond Company,
Richland, Washingion, .

' GWL —groundwater level

> TOC ~1top of casing

* HWIS — Hanford Well Information Sysicm
* N/A - not applicable
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299-E25-7 (A6026)
Man-Made Radionuclides

0

10

(308)) ydeq

90

100

110

10

U EETE

IR HRE!

p—————————1 70

e e ]

|

|

|
————— e ———— ]

|

|

|

a

i ——
8
&
——
o -]
;
_O.%
2
oﬂ
L
o

|
I
I

}—— 130

r———————

¥Cs (862 keV)

Cs MDL

L]
-]

I 1 111111460

b ——140

|
|
|
|
|
|
LLIILEL
100

o

4
abé’

=

_{

—————e 1150

€
pCi/g

+

-]
%
2
oﬂ
21

B
ol

I
|
|
|
|
|
|
(EEEENE

10!

|

|

70 e

80 ————————

10 f————
20 —————————

80 f—————————p——
L e Gt

(1@3y)) ydaqg

100 +—————————7———

130 +—————————j———

102

140 ~+---u__,.._..
T S—

160

Date of Last Logging Run
4/21/2004

Top of Casing

Zero Reference

C-68



i (feet)

(=%
[19]

t

Zero Reference = Top of Casing

WMP-27020 REV 0

299-E25-7 (A6026)
Man-Made Radionuclides
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299-E25-7 (A6026) Combination Plot
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299-E25-7 (A6026)
Total Gamma & Dead Time
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299-E25-7 (A6026)
Total Gamma & Dead Time
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299-E25-7 (A6026)
RLS Data Compared to SGLS Data

Cs-137 Decayed to 4/21/2004
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299-E25-7 (A6026)
RLS Data Compared to SGLS Data

Cs-137 Decayed to 4/21/2004
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299-E25-7 (A6026)
Rerun of Natural Gamma Logs (36.0 to 19.0 ft)
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299-E25-7 (A6026)

Man-Made Radionuclides
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Hantmd Offes DOE-EM/G1689-2004
299-E25-08 (A6B27)
Log Biata Report
Borehole Information:
Borehole: 200-E25-0B (AB027) 1 Sits: _216-ABCrib
Coordinates (WA State Plane) GWL (f)s 2632 GWL Date: 05/23/04
Morth East Drill Date | TOCElevation | lotal Depih () I Type
136190085 m ___575814.825m | May 1956 202476 M 290 Gable Tool
Casing Information:

Outer inside .
Diameter Diameter  Thickness Top Botlom

Cesing Type Stickup {18 fin} {in.} {in.} (¢t} {ft}
Welded steel +2.3 G 5/8 6 18 144 +33 237
Welded steci ] niknown  unkpown anknown 0 290

The fogging cagineer mexsvred (he casing stickwp using a stec! tape. A caliper was vsod fo determne tae
outside casing diameter, The caliper and inside casing diameter were measured using a stesl tape.
Measuarements were ronnded to the nearest 1/16 in. Casing thickness was caiculated. The 8-in. casing is
not visible at the gronnd sarface.

Borchele Notes;

Borehole coondinates, elevation, and well constmction information are from measmements by Stofler fieid
personnel, HWIS®, and Ledgerwood (1993). Zem reference is the top of the 6-in. casing.

Logzing Equipment Information:

ing Sy Gamma 2A {  Type: 35% HPGe (34 TP208934)

Calibration Date: 0304 Galibration Reference: DOE-EM/(GJ642-2004

[ _Logging Procedure: MAC HGLP 165 Rev. 0

Spectral Gamma fopgin stem {SGLS Rum information:

Log Run 1 2 3 4 5/ Repeat
Dale 0621704 0622104 U6/23/04 06/24/G4 CBrR5/04
Logging Engineer Spatz Spatz Spatz Spatz Spatz
Start Depth () 36.0 80.0 168.0 262.0 53.0
Finish Depth (ft) a0 35.0 83.0 165.0 180
LCount Time (sec) 200 200 200 200 200
Live/Reat R R R R R
Shietd (YN} [ N N N N
MSA interval () 1.0 1.0 1.8 1.0 1.0
fmin A MNA NIA MNA NA
Pre-Verification BA349CAB BA350CAR BA3SICAB BABSZCAB BAJSICABR
Stert Fie BAZ49000 BA350000 BA351000 BA352000 BA353000
Page 1
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Log Run 1 F 3 4 5/Rcpeat |
Finish File BA348033 BA3SO0N5S BA35T0/T BA352097 BA353034
Post-Verification BA34OCAA, BAZ50CAA BASTCAA BA3BZCAA BA3SICAA
Depth Retun
Eror {in.) 0 o o +1 0
Comments Fine gain Fine gain Fine gain Fine gain No fine gain
adjusiment adjustment adjustment adjustment adjustrment.
after files: after files; -016 | after files: after files:
003, -013, and -035. -034, D48, 0d2, 062,
-016, and 057, 067, and | -077, and -088.
-030. 073.

Logging Operation Notes:

Zeto reference was lop of e 6-in. casiog. Logping was perfonmed withou! the centralizer on (he sonds for
specizzl data collected on 06/24/04. Pre- and posl-survey veriflication measureenls for the SGLS
cmployed the Amersham KUT (P, 5, and “°Th) verifics with sorial murbor 032, Maximum logging
depth aclicved was 262.0 ft. approximately 1 ft above groundwatcr.

Analysis Notes:

Analyst: | Henwood |

SGLS pre-man and post-run verification spectra were oo]lected at the beginning and end of each day. All of
the verification spectra were within the acceptance criteria,

Date: | 06/29/04 | Reference: | GJO-HGLP 1.6.3, Rev. 0 |

Lop spectra for the SGLS were processed in batch mode using APTEC SUPERVISCR o ideptly
individual enespy peaks and determine cound rales. Verificalion specira were used (o delermine the energy
and resolution calibration for processing 1he data using APTEC SUPERVISOR. Concenirations were
calcnlaied in EXCEL (source fik; G2ZAMARO4. xls), using parameters detenmized from analysis of recent
calibration data. Zemo roference was the top of the 6-in. casing. Based or Ledgerwood (1993}, the casing
configuration was assumed to be a string of 6-in. casing with a thickness of 14 in. to a log depth of 237 1
and a string of 8-in, casing with a thickness of .322 in. to the depih of 262 ft. The 6-in. casing thickness
was measured by the Togging engineer. A casing thickmesss of 0,322 in. was assumed for the $-in. casing.
This {iickness is the published valve for ASTM schedule-40 steel pipe, a sonunonly used casing material al
Hanford. Where more than one casing exisls al a depih, the casing correction is additive (2. £ Lhe
cormrection for both 6-in. and 8-in. casing wonid be 0.25 +0.322 = 0572) ‘Water and dead tithe corrections
were Dot requited.

Log Plot Notes:

lgg plots are provided for gross gammna and dead time, natially occrming radiomclides K,
and Z*Th), and man-made radionuclidcs, Plots of the repeat logs versus the original logs arc inchuded.

For w::h radiennclide, the encrgy valuc of the spectral peak uscd for quantification is indicaicd. Unless
otherwise noted, all radiomclides are plotied in picocuries per gram (pCi/g). The open circles indicate the
minimmm detectable level (ML) for each radionuclide. Error bars on each plot represent error associated
with connting statistics only and do sot include errors associated with the inverse efficiency fanction, dead
time correction, or casing correciion. These errors are discussed in the calibration report. A combination
plot is also included to facilitate corselafion, The “*Bi pegk at 1764 ke'V was wsed to deterining fhe
patpmlly occurring P°U concenimlions on the combination plot.

Page 2
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Resuits and Interpretations:

“¥Cs was the only man-made wadionnclide detected in tis borebole. *Cs was detecied 21 5 0, at
approximately 22 N1, ai 2 few sporadic Iocations throughoul the borekole, and between 234 and 240 fi. The
range of concenirations was {rom the MDL {0.2 pCi/s) io 4.5 pCi/e. which was measured a1 5 L The ¥ Cs
detected at fog dopths between 254 and 240 £t is Jocated at a depth intezrval approximately 22 R above the
current grovndwater Jevel. It is possible that 2 groundwater mound cxisted in the area in the past and the
s is a remuumt of contaminated groundwater. The range of concentrarions in the interval between 234
and 249 1t was from near the MDL ta 2.3 pCl/p, which was measured at 237 f

The concentrations of the KUT above 240 £ appear 1o be underestimated due 1o the effects of double
casing and gront.

The bebevior of the U log suggesis that radon may be presen inside the borehole casing. Determination
of U is based on measurement of pannna activity at 609 andfor 1764 ke'V associsted with **Bi, imder the
assumption of sconlar oquilforivm in the decay chain, However, ™ “Bi is also a short-icrm daughter of “Ra,
When radon is present, “Bi will send 1o “platc™ omto the casing wall and will quickly reach cquilibrium
with “Rn. Because the additionat *°Bi resniting from radon is on the inside of the casing, the effect of the
casing correction is io amplify the 609 photopesk relative to the 1764 photopeak. (The magnimde of the
casing cormection factor decrenses with increasing epergy, but gamma rays orgimting inside the casing are
nof attzmaated ) This effect is observed in log data acquired during logging raas 1 and 2 (3 o %0 ). The
effects of radon appear to be minimal in the ather log rans. The reason for variations in radon coment
between Jog nons on successive days is not known. Varations in radon content in boreholes are probably
related lo varintions in surface weather conditions. Radon danghiers such as ““Bi may also “plaiz™ onto the
sonde itsell. When this occurs, there is a pradual increase in total counts as well as pholopeak counls
asseciated with 2B znd *Pb.

The presence of radon is not an indication of man-made contamivation; it is derived from decay of
natnrally eccurring wraninm. As a gas, radon moves easily in the subsurface, and concentraticns of radon
and its associaied progeny can change guickly. :

The plois of the Tepeat logs demonsirate reasonable repeatability of the SGLS data for the naimal
radiomaclides (644, 1461, 1764, and 2614 ke'V energy levels).

Gross gawm logs Troin Addﬂlnﬁ elal (1977 (aitached) tudicale (hal the sedrments surounding Lhis
bomchele contained siprifican! amounts of man-madc garmma madiztion extending (o groundwater from
1953 through at lcast 1963. By 1976 most of the gamma activity in the vadose zone had decared away.

References:

Additon, MK, KR Pecht T.L. Jones, and G.¥. Last, 1978. Sciniitlation Probe Profiles From 200 East
Area Crib Mopitoring Wells, RHO-LD-28, Rockwell Hanford Operations, Richland, Washingion.

Ledgerwood, R K., 1993. Summaries of Fell Construction Data and Field Observations for Fxisting 200-
Easi Resource Protection Wells, WHC-SD-ER-TI-007, Rev. 0, Westinghouse Hanford Companry,
Richland, Washinglon,

i GWL — gronndwater level

*7OC —top of casing

3 HWIS — Harford Weil information System
* N/A — ot applicable
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Hantoad (e DOE-EM/GIE00-2004

209-E25-09 (A4757)
Leg Data Repert
Borelisie Information:
Borehoie: 298-E25-08 {A4797) 1 Site:  216-A-B Crity |
Chordinates (WA State Plane) WL () 7508 GWL Date; _06/26/04 |
North East Drili Date TOC* Elevation E Total Depth (f) Type
136219638 M 575914.147.m May 1556 201.448 m 288 Cable Tool
Casing Information:
Ouster Inside .
Diameter Diameter Thickness Top  Bottom
Ceasing Type Stickup ) fin.} {in.} {in.} [1itB )
Weided steeil +1.8 & 5/% 6 1/8 14 +1.8 218
Welded stecl 0 anknown  ueknown unkuown 0 283

The lopping cngimwtr measured the casing sticknp using 4 stect tape. A caliper was wsed 1o determine the
outside casing dizmeter. The caliper and inside casing diameter were Measured using a steel tape.
Meastrements were romnded to the nearest 1/16 in. Casing thickness was calculated The $-in. casing is
rot visible at the gronnd surface. Sumonnding the casing on top of the groond sarface is a 2-fi by 64,
round concrete pad.

Borehole Notes:

Borehole coondinates, elevation. end well construciion informarion are from measurements by Stoller field
personne], HW1S%, and Ledgerwood (1993} Zero reference is the top of the 6 casing. Before fogging
began the borehole was swabbed. No radioactivity was detected on the swab sample. ] |

Logsing Fguipment Information:

3ing System: Gamma 2A ! Type: 35% HPGe {34TP208934)

Calibration Dabe: 03/04 Calibration Reference: DOE-EMIGJ642-2004
| Lopging Procedure:  MACHGLF 165, Rev. 0
Gamma Logging System (SGLS) 1,og Run Information:
Log Run il 2 3 & 5/ Repeat
Date: 0625104 0672804 06/25/04 06730/04 D7/31:04
Legjing Engineer Spatz Spalz Spaz Spatz Spatz
Start Depih (1) 16.0 1200 160.0 2580 280
Finish Depth () EXS 15.0 180 59.0 30
Count Time [sec) 200 200 200 200 200
LivefReal R R R R ‘R
Shigld (Y/N] : N N B N N
MSA frferval (ft) 1.0 1.0 1.0 1.0 1.0
ftimin NIAS Ni& NiA N/A NIA
Page 1
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Log Run 1 2 3 4 5/ Repeat
Pre-Verification BA3S3CAB BA3S5CAB BA3GGCAB - BA357/CAB BA3SBCAB
Start File BA354000 BAISS000 BA356000 BA357000 BA358000
Finigh File BA354013 BA355105 BA356042 BA357 100 BA3SB025
Post-Verification BASS4CAA BA3SSCAA BA3SECAA BA3G7CAA BAIBACAA
Depth Retumn
Error (in.} o 0 0 -1 0
Comnments No fine gain | Fine gain Mo fine gain Fine gain No fine gain
adiustment. | adjustment adjustment. adjustment adjustment.

after files: after fles: -068

316, 047, and -087,

062, 079, and

-095.

Lygging gp_eraﬁoh Notes:
Zero reference was top of the 6-in. casing. Lugging was perfarmad withont the centralizer on the sonde for
speciral daia collected on 06/30/4 (log run 4). Pre- and pest-survey verification measurements for the

SGLS eiploved the Amersham KUT (“K, 71, and “*Th) verifier wilh serial nuymber 082. Maximum
logging deprh achicved was 259.0 [, approxinetely 1 £ above growdwaler,

Analysis Notes:
[ Analyst: [ Henwood | Date: [ 07/07/04 | Reference: [ GJOHGLP 163, Rev.0 |

SGLS pre-ran amd post-min verification spectea were colleefed at the beginning and cnd of cach day. All of
the verification spectra were within the acceptance criteria

Log spectra for the SGLS were processed in batch rode using APTEC SUPERVISOR to idemify
individual energy peaks and determine count rates. Verification specira were used to determine the energy
and resplution calibration for processing the data using APTEC SUPERVISOR. Concenirations were
calculated in EXCEL (source file: G2AMARO4. xis), nsing paranteters determined from analysis of recent
caiitrration data. Zero reference was (e top of (e 6-in. casing, Based on Ledgerwood (1993), the casing
configuration was assumed t6 be a string of 6-in. casing wilh a thickness of 14 in. to a Jog depth ol 228 11
and a string of 8-in. casing with a thickoess of 0.322 in Lo the depth of 288 £, The 6-in. casing thickness
was measured by the logging engincer, A casing (hickuesss of 0.322 in. was assumcd for the 8-in. casing.
This thickness is the published vatoe for ASTM schedule-40 steel pipe, 2 copmmonly uscd casing material at
Hanford. Where more than one casing exists at a depth, the casing correction is additive (e.g., the

careection forboth 6-in. and 8-in. casing would he 0.25 + 0. '322 0.572). Water and dead time corrections
were not requined,

Log Plot Notes:

Separae Iog plots are provided for gross gamma and dead lime, nawurally ocourring rdionuclides (K,
B, and m'Ttl) and man-made radienuclides. Plois of the repeal logs vemsus Lhe original logs are included.
For cach madionuclide, the oncrgy valug of ihe spectral peak nsed for quantification is indicated. Unless
othcrwise noted, all ratdiomctides wre plotied in picocurics per gram {pCi/g). The open circles indicute the
minmem detectabie level (MDL) for each radionnclide. Ermor bars on each plot represent error associatecd
with connting statistics only and do not include errors associated with the inverse efficiency foaction dead
time corrcetion, or casing correction. These crrors are dhscnssed in the calibration 1cpost. A combination
plot is also included o facilitate correlation. The 2Bi peak at 1764 ke'V was used to deterine the
natrally occurring Z¥U concentrations on the combination plot.

Page 2
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Results and Interpretations:

. 19Cs was the valy han-made radioruclide detected tn this borehole. Cs was detecled near the pround
surizace, at a few sporadic Jocations {hroughoul the borehole, between 226 and 239 fi, and between 246 and
250 L "The range of conconiralions was from (he MDL (0.2 pCi/g) to 15 pCife, which was measured a1 5 1.
Tie ¥'Cs detected at log deptiis betwoon 226 amd 232 £ is Jocatod i a depth interval consistent with the
deprh of = packer set 2 228 it "V Cs detected at 239 { is approximately 20 ft above the current
sronndwater level, H is possibe that a grongdwater mound existed in the ares in the past and the '*Cs
below 239 i is a remnam of contamimted gropndwater. :

The KUT concentrations sbove 228 i appear to be underestimated duz t0 the effects of double casing and
Exon.

The behavior of the U log suggests thal radon may be present inside the borehole casing. Determinaiion
of 7 is hased on measurement of gamma aclivily al 609 andior 1764 ke associated with **Bi, under the
assemption of scoular cquilibrinm in the decay chain. However, ™ “Bi is alse # short-tor daughter of “Rn,
Wher radon is prosent, “Bi wilt tend to “plate™ omto the casing wail and will quickly reach cquilibrium
with ®RnBecause the additional B resrlting from: sadon is on the inside of ihe casing, the effect of the
casing corsection is o amplify fhe 609 photopeak relative to the 1764 photopeak. {The magnimde of the
casing corvection factor decreases with increasing energy, but gamma rys originating inside the casing are
not attermated ) This effect is observed in the log data acquired for log rur 2 between 15 and approximately
78 R. The effects of radon appear to be minimal in The other log rans.: The reason for variations in mdon
cartent betveeen lopg rons on suceessive days is not known, Variations i radon comtent in boreholes are
probably related (o variations in surface weather cornditions. Radon daughters such as ™ *Bi may also
“plate” poto the sonde iisell. When s occors, there is 2 praduzl increase in lotal counts as well as
Photopeak connis associated with 2 °Bi and 2Pb.

The presence of rader is ot an mdication of man-made comturination; i is derived from decay of
uatarally occurting raninn. As a gas, faden moves easily in the subsuface, and concentrations of radon
and its associated progeny can change quickty.

The gﬁ]ols of the Tepeat logs deamenstrate reasonable repeatability of the SGLS data for the naturat
radiomactides (1461- and 2614-keV ererpy levels), The dala for the 1764-ke'V energy peak indicage the
effest of ihe radon between 15 and 28 [t where (ke odgingl log mum shows higher concentmations (han the
repeai data.

Giress gammms logs from Additon of #1 (1977) (attached) indicate that the sedimenis surrounding this
boreile contaired significant amermts of man-made ganyma xadiaton cxterding to groundwater from
1958 throngh at least 1563. By 1968 most of the gamma activity inthe vadose zone had decaved away.

References:

Additon MK, K.R. Fecht. T.L. jones, and G.V. Last, 1978, Scinritlation Probe Profiles From 200 East
Area Crib Monitoring Wells, RA0-.D-28. Rockwell Hanford Operations, Richland, Washington,

Ledperwood, RK., 1993, Summaries of Well Constraction Data and Field Qbservations for Fxisting 260
East Resource Proteclion Wells, WHC-SD-ER-TI-007, Rev. 0, Westinghouse Hanford Colmpany,
Richlmd, Wishington ‘ i

} GWL. — groundwater level

2T0C — top of casing

3 BWIS - Hanford Wel} Information Sysiem
* N/ A — not applicable
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APPENDIX F

GEOPHYSICAL LOG FOR BOREHOLE C4545

B

Haniud Ll DOE-EM/AGI48-2005
C4543
Log Data Report

Borehele Tnformation:

Borehole;  C4545 i Sie; 216-A8 Crip
Coordinates (WA 5t Plane) GWL (f]: 26415 GWL Date:  07/05/05
Morth East Ground Level
Drill Date Elevation Total Depth (/) | Type
Not available Not gvaitabie 07/05 Mot avaliable 265 Cable
Casing Information:
Qster Inside
Diameter Diameter Thickmness
Casing Type Stickup (&) fin.j {in.} n.) Top (it} Bottom (it}
Threaded steel 0.8 10778 2 11/16 19/32 +0.8 70
Threaded Steel 0.65 8 1116 71118 1/2 + {),.65 265

Boreihole Notes:

The logping copinter measursd the casing dimnciers using a caliper and siccl tape. Grovnd level clovation
was not available. The driler provided the casing depth. Logging dufa acqusition is mforcnoed to the
grounst surface. .
This borehole was hogged in tweo stages, from the ground surface 1o 68 fi during Tore, and from 68 7 to
total depik in July, 5o that log dala were acquired in 2 single casing conligaration

Spectral Gamma fosging System (SGLS) Equipment Information:

. SGLG (70%
Logging System: Gamma 1E 5 Type: SML;('IZP 4GJSST B
| Effective Calibration Date: | 060405 Calibration Reference:  DOE-EM/G64-2005

} Legging Procedure: WAC-HGLP 1.6.5, Rev. 0

High Rate Logging System (FRLS) Egnipment Informaticn:

Logging System: Gamrma 1C ‘E Ty;pe: gﬁl‘ 29431 4

Effective Calibralion Date:  04/06A5 Calibration Reference: DOE-EMGJ865-2005

{ Logging Frocedure: WAC-HGLP 1.6.5, Rev. ©
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Speciral Gamma Logéing System {SGLS) Log R_lm Information:

Log Run 1 ] 3 4 Repeat 11
Date 06/21/05 06/21/05 06/21/05 06/21/05 07/05/05
Logging Engineer Spatz Spatr Spatz Spaiz Spatz
Start Depth (ft) 0.0 16.0 240 58.0 68.0
Finish Depth (ft) 17.0 25.0 69.0 68.0 2600
Count Time [sec) 160 20 100 100 100
Live/Real R R R R R
Shield (Y/N) N N N N N
MBSA Interval {ft) 1.0 1.0 1.0 1.0 1.0
#/min NIA” N/A A NiA NIA
Pre-Verification . AEO76CAB AEQTECAB AEOTECAB AED/6CAR AEQ7ICAB
Statt File AE076000 AEO76018 AEO76028 ALCO76074 AEDTS000
Finish File AEDTEMT AEO75027 AEG/E073 AEQDTB083 AEOTOG2
Paost-Verification AEQ76CAA AEQ/BCAA AEQ7EBCAA AED76CAA AEQTICAA
Depth Return Ermor NiA WA N/A -1 -2
in.
(Cm)'nmenfs No fine-gam High rate Ne fine-gain o fine-gain Fine-gain
adjmtment interval; dead i adjustment adjustment
time > 40% after fies -072
and 083
Log Run 12 Repeat
Date O7/06/05
Logging Engineer Spatz
Start Depth {ft) 68.0
Finish Depth (7} 88.0
Count Time (sec) 100
Live/fReal R
Shield {YN} N
MEA Interval {ft) 1.0
ft/min NIA
Pre-Verification AEQBCCAB
Start File AE0QBDODD
Finish File AEQB0020
Paosi-Verification AE0BOCAA
Depth Retum Error o]
{in}
Comments No fine-gain
adjustment f
High Rate Logging System {(HRLS) Log Run Enformation:
Log Run &5 L] 7 B Repeat []
Date 08222105 05722005 08221068 (06,2205 008/22/G5
Logging Enginesr Spatz Spatz Spatz Spatz
Start Depth () 12.0 13.0 230 18.0 18.0
Finish Depth (ff) 14.0 24.0 254 21.0 20
Count Time [sec) 300 100 300 100 300
LiveReal R R R R R
Shield {Y/MN) M N N N Y {imternaly
MSA Interval (ft) 1.0 19 1.6 140 05
filimin NA N/A NA N/A NfA -
Pre-Verification AC133CAR AC133CAB AC133CAB AC133CAB AC133CAB
Siart File AC133040 AC133003 AC133015 AC133018 AC133022
Finish File AC133002 ACI133014 AC133017 AC133021 AC133030
Post-Verification AC133CAA AC133CAA AC133CAA AC133CAA . | ACT33CAA
Pape 2
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Run 5 [ 8 Repeat
Depth Return Errar NiA N/A NIA N/A WA
n.
(Cor}'nmerrts Fine gain Fine gain Mo fina gain No fine: gain No fine gain
adjustmant afer | adjustment atier adjustment i A djustmert
file 03 fite -05
Log Run 10 |
Date 06/22/05 i
Logging Engineer Spatz |
Start Depth ) 18,5
Finish Depth () 210
Count Time {sec) 300
Live/Real 14
Shield {¥/N) ¥ (internal)
MSA Interval () [\54)
Rimin N/A
Pre-Verification AC133CAB
Stert File AC133031]
Finish File ACT33034
Pasl-Verification AC133CAA
Depth Return Error c
{in.}
Comments No fine gain

Logzing Operation Notes:
Logging was conduciced with a confralizer on cach sonde. Measmroments avs referoeced to ground snrface.

Maxirmum logging depth was 260 ft, approximaicly 1 fi above grovmdwator. Repeat sections werc
coliected in this borehole for all systems 1o cvaluate the logging systems’ perfopmance.

Amnalysis Notes:
Analyst: | Henwood

Pre-rum and post-run verifications for (he logping systoms were porformed before apd alier data actuisilion.
Acceplanoe critenia wore met for all sysicms.

[ Date: T 01720105 | Reference: | GJO-HGLP 163, Rev. 0 |

A casing conection for 19/32-in ~thick casing (10~in. casing) was applied to the spectral log data (SGLS
and HRLS) from 0 to 68 fi. From 70 to 260 fi, o correction for 1/2-in. thick casing (8-in. casing) was
. apphied to the SGLS data,

SGLS and BRLS specira were processed in balch mode using APTEC SUPERVISOR to identily
individual cocrgy peaks and determing count Tales. Concentations were calculaicd with EXCEL
workshest tenplsies identified as G 1 Emar05.x1s for the SGLS and G1Caprd3 x1s kor the HRLS using
efficiency fumctions and comectioms fof casing, waler, and dead tize a5 delermined from anmyal
calibrations. Diead time cormuctions arc applicd where dead times cxcccd approximatcly L1 perceni for boih
the SGLS and HRI.S. Where SGLS dead ime cxecods 40 percent, HRLS dafa arc substitited. No
cofrection for waler was necessary.

Loz Plot Notes:
Scparate log plots are provided for the man-naade radmmchdc {¥(5) detecied in the borchole, natumlly

ocenrring radiomiclides (K, 25U, Z2Th [KUT]), & combination of man-made, KUT, and total gamma
plotted with dead time. For eack radiomiclide, the etergy valne of the spectral pesk used for quantification
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is indicated. Unless olbienwise noled. all radionuctides are plotied in picocuries per gram (pCi/g). The open
circles indicate the mimmum detectable Jovel (MDL) for cach radiomclide. Frror bars on cach plot
ropresent &xres associated 'with cosnting statistics onty and do not inchede crors associated with the inverse
efficiency fimction, dead time comection, casing corrections, o water corrections. Repeat log sections are
also incinded where appropriate, '

Results and Interpreiations:

135 was detected In this borehole between the ground surface and 5 fit and from 1110 73 fi. The
maxinom concentration was measwred at appoxingiely 1.5 million pCi/g at 20 it in depth. The highest
concentration zong Hes between 11 and 25 ft. “Cs contamination observed a2t relatively low
concentrations {e.g.. below 1 pCifg) between 40 and 73  and Cs spikes at probable casing joints at 50
and 60 fi, may be the resalt of casing contaminarion, -

The repeal seclions for the SGLS and HRLS indicate gocd agreement,

! GWL - groundwaler level
* N/A ~ not applicable

Page 4
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C4545
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C4545
Man-Made Radionuclides
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